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(57) The present Invention relates to a therapeutic 
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ulation of cytol<ine production, a disease requiring nitro- 
gen monoxide production, or an allergic disease, char- 
acterized in that the therapeutic agent or prophylactic 
agent comprises as an effective ingredient a fucoidan 



and/or a degradation product thereof; and a food, bev- 
erage or feed for regulation of cytokine production, in- 
duction of nitrogen monoxide production, or anti-allergy, 
wherein the food, beverage or feed comprises a fu- 
coidan and/or a degradation product thereof. 
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Description 

TECHNICAL FIELD 

s [0001 ] The present invention relates to applications of physiologically active substances derived from aquatic organ- 
isms as medicaments, foods, beverages or feeds. 

BACKGROUND ART 

10 [0002] As physiologically active substances derived from aquatic organisms, a fucoldan has been known. This fu- 
coidan is a sulfated fucose-containing polysaccharide contained in algae, Echinodermata, or the like. Namely, the 
fucoidan comprises a sulfated fucose as a constituting saccharide. 

[0003] As physiological action for the fucoidan, cancer proliferation-suppressing activity, cancer metastasis-sup- 
pressing activity, anticoagulation activity, antiviral activity and the like have been known, and the developments of 
15 applications as medicaments have been expected of the fucoidan. 

DISCLOSURE OF INVENTION 

[0004] The present invention is based on the findings of new physiological action for the fucoidan, and its object Is 
20 to provide a medicament, food, beverage or feed, utilizing the regulatory action for cytokine production or the like of 
the fucoidan. In the present specification, the therapeutic agent or prophylactic agent of the present invention is referred 
to as a medicament In some cases. 

[0005] Summarizing the present invention, a first invention of the present invention relates to a therapeutic agent or 
prophylactic agent for a disease requiring regulation of cytokine production, a disease requiring nitrogen monoxide 
25 production, or an allergic disease, characterized In that the therapeutic agent or prophylactic agent comprises as an 
effective Ingredient a fucoidan and/or a degradation product thereof. 

[0006] A second invention of the present invention relates to a food, beverage or feed for regulation of cytokine 
production, induction of nitrogen monoxide production, or anti-allergy, wherein the food, beverage or feed comprises 
a fucoidan and/or a degradation product thereof. 

30 [0007] In addition, one embodiment of the present invention relates to use of a fucoidan and/or a degradation product 
thereof for treating or preventing a disease requiring regulation of cytokine production, a disease requiring nitrogen 
monoxide production, or an allergic disease; use of a fucoidan and/or a degradation product thereof for production of 
a therapeutic agent or prophylactic agent for a disease requiring regulation of cytokine production, a disease requiring 
nitrogen monoxide production, or an allergic disease; or a method of treating or preventing a disease requiring regu- 

35 lation of cytokine production, a disease requiring nitrogen monoxide production, or an allergic disease, wherein a 
fucoidan and/or a degradation product thereof is used. 

[0008] A still another embodiment of the present Invention relates to an agent for regulation of cytokine production, 
induction of nitrogen monoxide production, anti-allergy, or suppression of IgE production, comprising as an effective 
ingredient a fucoidan and/or a degradation product thereof. 
40 [0009] A still another embodiment of the present Invention relates to use of a fucoidan and/or a degradation product 
thereof in the manufacture of an agent for regulation of cytokine production, induction of nitrogen monoxide production, 
anti-allergy agent, or suppression of IgE production. 

[0010] A still another embodiment of the present Invention relates to use of a fucoidan and/or a degradation product 
thereof In the manufacture of a food, beverage or feed for regulation of cytokine production, induction of nitrogen 
45 monoxide production, or anti-allergy. 

[0011] A still another embodiment of the present invention relates to a method for regulating cytokine production. 
Inducing nitrogen monoxide production, suppressing allergy, or suppressing IgE production, wherein a fucoidan and/ 
or a degradation product thereof is used as an effective ingredient. 

[0012] A still another embodiment of the present Invention relates to use of a fucoidan and/or a degradation product 
50 thereof for regulating cytokine production. Inducing nitrogen monoxide production, suppressing allergy or suppressing 
IgE production. 

[0013] In a further preferred embodiment of the present invention, a fucoidan and/or a degradation product thereof 
has a remarkable effect in the regulation of cytokine production in sensitization with an antigen, for instance, in pres- 
entation of an antigen from antigen-presenting cells to T cells. Also, a fucoidan and/or a degradation product thereof 
55 is remarkably effective in the treatment of an allergic disease after sensitization with an antigen , especially effective in 
suppression of antigen-specific IgE production after sensitization with an antigen. In the present invention, the regu- 
lation of cytokine production includes regulation of the produced amount of cytokine by the enhancement, acceleration 
or the like of cytokine production. 
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[0014] Therefore, one embodiment of the present invention relates to a therapeutic agent or prophylactic agent for 
a disease requiring regulation of cytokine production during sensitization with an antigen, or an allergic disease after 
sensitization with an antigen, characterized in that the therapeutic agent or prophylactic agent comprises as an effective 
ingredient a fucoidan and/or a degradation product thereof. 
5 [0015] In addition, one embodiment of the present invention relates to a food, beverage or feed for regulation of 
cytokine production during sensitization with an antigen, or anti-allergy after sensitization with an antigen, wherein the 
food, beverage or food comprises a fucoidan and/or a degradation product thereof. 

[001 6] Another embodiment of the present invention relates to use of a fucoidan and/or a degradation product thereof 
for treating or preventing a disease requiring regulation of cytokine production during sensitization with an antigen, or 

10 an allergic disease after sensitization with an antigen; use of a fucoidan and/or a degradation product thereof in the 
manufacture of a therapeutic agent or prophylactic agent for a disease requiring regulation of cytokine production 
during sensitization with an antigen, or an allergic disease after sensitization with an antigen; or a method of treating 
or preventing a disease requiring regulation of cytokine production during sensitization with an antigen, or an allergic 
disease after sensitization with an antigen, wlierein a fucoidan and/or a degradation product thereof is used. 

IS [0017] A still another embodiment of the present invention relates to an agent for regulation of cytokine production 
during sensitization with an antigen, anti-allergy after sensitization with an antigen, or suppression of IgE production 
after sensitization with an antigen, comprising as an effective ingredient a fucoidan and/or a degradation product there- 
of. 

[0018] A Still another embodiment of the present Invention relates to use of a fucoidan and/or a degradation product 
20 thereof in the manufacture of an agent for regulation of cytokine production during sensitization with an antigen, anti- 
allergy after sensitization with an antigen, or suppression of IgE production after sensitization with an antigen. 
[0019] A still another embodiment of the present invention relates to use of a fucoidan and/or a degradation product 
thereof in the manufacture of a food, beverage or feed for regulation of cytokine production during sensitization with 
an antigen, or anti-allergy after sensitization with an antigen. 
25 [0020] A still another embodiment of the present invention relates to regulating cytokine production during sensiti- 
zation with an antigen, suppressing allergy after sensitization with an antigen, or suppressing IgE production after 
sensitization with an antigen, wherein a fucoidan and/or a degradation product thereof Is used as an effective ingredient. 
[0021] A still another embodiment of the present invention relates to use of a fucoidan and/or a degradation product 
thereof for regulation of cytokine production during sensitization with an antigen, suppression of allergy after sensiti- 
ve zation with an antigen, or suppression of IgE production after sensitization with an antigen. 

[0022] The fucoidan used In the present invention is not particulariy limited. There are preferably exemplified a fu- 
coidan derived from an algae, or Echinodemnata. 

[0023] Also, as the degradation product of the fucoidan, there can be used, for instance, an acid degradation product 
of a fucoidan, an enzyme degradation product of a fucoidan, and the like. 

35 [0024] The fucoidan and a degradation product of the fucoidan, for instance, the acid degradation product of the 
fucoidan orthe enzyme degradation product of the fucoidan, which are used In the present Invention, are not particularly 
limited, as long as they exhibit action for regulation of cytokine production, Induction of nitrogen monoxide production, 
or anti-allergy such as suppression of IgE production. The fucoidan or a degradation product thereof can be appropri- 
ately prepared on the basis of its action and the like. 

40 [0025] In addition, the term "cytokine" as referred to in the present specification Is the cytokine on which the fucoidan 
or a degradation product thereof can exhibit an action for regulation of production. The cytokine Includes, for instance, 
an interieukin (for Instance, interieukin-12), and an interferon (for Instance, interferon -7), 

[0026] Further, the anti-allergy action refers to action for suppression of allergy which can be exhibited by the fucoidan 
or a degradation product thereof, which is exemplified by action for suppression of IgE production. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

so Figure 1 is a graph showing an elution pattern of the fucoidan derived from Kjeltmanieiia cmssifotia on DEAE-Cel- 

lulofine A-800 column. 

Figure 2 is a graph showing the N02' concentration In the medium when cells are cultured with adding 7-12SFd-R 
Figure 3 Is a graph showing the NO2 ' concentration in the medium when cells are cultured with adding Fraction I. 
Figure 4 is a graph showing the NO2' concentration in the medium when cells are cultured with adding Fraction II. 
ss Figure 5 is a graph showing the NOg* concentration in the medium when cells are cultured with adding Fraction III. 

Figure 6 Is a graph showing the NOg* concentration In the medium when cells are cultured with adding LPS, the 
positive control. 

Figure 7 is a graph showing the action for induction of I FN-y production by the fucoidan and a degradation product 
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thereof. 

Figure 8 is a graph showing the action for induction of lL-12 production by the fucoidan and a degradation product 
thereof. 

Figure 9 is a graph showing the action for cytotoxic immunopotentiation of murine spleen lymphocytes by the 
5 fucoidan derived from Kjefimaniella crassifolia. 

Figure 10 is a graph showing the action for Induction of I FN production by G-fucoidan. 

Figure 11 is a graph showing the action for induction of lL-12 production by G-fucoidan. 

Figure 12 is a graph showing the action of various antibodies against the action for induction of I FN -y production 

or IL-12 production by the fucoidan. 
10 Figure 13 is a graph showing the action for induction of IFN-y production by each fucoidan. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0028] The fucoidan used in the present invention refers to a polysaccharide, wherein a sulfated fucose is contained 
15 as a constituting saccharide. The fucoidan is not particularly limited, as long as the fucoidan has action for regulation 
of cytokine production, for Instance, action for regulation of Interferon-y production or action for regulation of Interleukin- 
12 during antigen presentation reaction between antigen presenting cells (APCs) and T cells; action for Induction of 
nitrogen monoxide production; or anti-allergic action, for instance, an action for suppression of IgE production. For 
instance, algae, especially marine algae such as Laminariales, Chordariales and Fucales, including KJeilmaniella 
20 crassifolia, KJeilmaniella gyrata, Fucus, Cladosiphon okamuranus, Undaria, Ecklonia kurome, Eisenia bicycHs, Ecklonia 
cava, Giant kelp, Lessonia nigrescence and Ascophyilum nodosum richly contain fucoidans suitable for the use in the 
present invention. This is why they are preferable as the raw material. In addition, there may be used fucoidans derived 
from Echinodenmata, for instance, sea cucumber, Echnoidea, Asterozoa, and the like. 

[0029] These fucoidans may be prepared each by a known method. There can be used In the present Invention a 

25 purified product of a fucoidan, a fucoidan-containing substance, and the like. 

[0030] For instance, a fucoidan is prepared from KJeilmaniella crassifolia, and the resulting fucoidan can be further 
separated into glucuronic acid-containing fucoidan (referred to as "U-fucoidan") and glucuronic acid non-containing 
fucoidan (referred to as "F-f ucoidan") . Those fucoidans can be used as an effective ingredient for the therapeutic agent, 
the prophylactic agent or the like of the present invention. Also, sulfated fucogalactan (referred to as "G-fucoidan") can 

30 be prepared from KJeilmaniella crassifolia and used. 

[0031 ] After the preparation of the fucoidans from KJeilmaniella crassifolia, U-fucoidan and F-fucoidan are separated 
by using an anionic exchange resin, a surfactant or the like. The existing ratio, as expressed by a weight ratio, of U- 
fucoidan to F-fucoidan derived from KJeilmaniella crassifolia is about 1 :2. U-fucoidan contains fucose, mannose, ga- 
lactose, glucuronic acid and the like, and its sulfate content Is about 20% by weight. F-fucoldan contains fucose and 

35 galactose, and its sulfate content Is about 50% by weight. The molecular weight for both substances Is distributed, 
centering about 200000 (Summary of 16th Sugar Symposium, p. 159, 1996). 

[0032] U-fucoidan and F-fucoidan can be separated, for instance, by applying a fucoidan solution prepared from 
KJeilmaniella crassifolia onto DEAF-Cellulofine A-800 column, and carrying out elution by the concentration gradient 
technique using NaCI-containing buffer. One of the examples is shown in Figure 1. Concretely, Figure 1 is a diagram 
40 showing the separation of U-fucoidan and F-fucoidan, wherein the former peak in the figure is U-fucoidan, and the 
latter peak is F-fucoidan. 

[0033] In addition, the previously mentioned G-fucoidan can be obtained by degrading the fucoidan derived from 
KJeilmaniella crassifolia with F-fucoidan-speclfIc degradation enzyme produced by Alteromonas sp. SN-1009 (FERM 
BP-5747), and U-fucoidan-specifIc degradation enzyme produced by Flavobacterium sp. SA-0082 (FERM BP-5402), 
45 and removing the degradation product. 

[0034] Also, for Instance, each of the fucoidan derived from Fucus, the fucoidan derived from Cladosiphon okamu- 
ranus, the fucoidan derived from Undaria, and the fucoidan derived from sporophyll of Undaria pinnatiflda (Wakame 
Mekabu) can be prepared by a known method and used in the present invention. 

[0035] The fucoidan derived from Echinodermata suitably used in the present invention includes, for instance, fu- 
50 coidans contained in sea cucumbers described in Japanese Patent Laid-Open No. Hei 4-91 027. The fucoidan can be 
prepared from sea cucumbers in accordance with the method described in the publication. 

[0036] In addition, the degradation product of the fucoidan having action for regulation of cytokine production, induc- 
tion of nitrogen monoxide production, and anti -allergy used in the present invention can be prepared by a known method 
such as an enzymologlcal method, a chemical method, or a physical method, wherein a desired degradation product 
55 having the desired action for regulation of cytokine production, Induction of nitrogen monoxide production, or anti- 
aliergy is selected. The resulting degradation product can be used. 

[0037] The method for preparing the degradation product of the fucoidan includes, for instance, an acid degradation 
method. By subjecting the fucoidan to an acid degradation, there can be prepared a degradation product having action 
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for regulation of cytokine production, immunopotentiation, induction of nitrogen monoxide production, or anti-allergy. 
[0038] The conditions for the acid degradation in the above-mentioned acid degradation method are not particularly 
limited, as long as the conditions enable to generate the degradation product having action for regulation of cytokine 
production, induction of nitrogen monoxide production, or antl-allergy (hereinafter refenred to as "degradation product 

5 of the present invention"). 

[0039] For instance, the fucoidan is dissolved or suspended in an acid and subjected to the reaction, thereby gen- 
erating a degradation product of the present invention. Also, the reaction mixture may be heated during the reaction, 
thereby shortening the time period required for the generation of the degradation product of the present invention. 
[0040] The kinds of the acids for dissolving or suspending the fucoidan are not particularly limited. There can be 

10 used an inorganic acid such as hydrochloric acid, sulfuric acid or nitric acid; an organic acid such as citric acid, formic 
acid, acetic acid, lactic acid or ascorbic acid; and a solid acid such as catlonic exchange resin, catlonic exchange fiber 
or catlonic exchange membrane. 

[0041] The concentration of the acid Is not particularly limited, and the acid can be used at a concentration of pref- 
erably from 0.0001 to 5 N or so, more preferably from 0.01 to 1 N or so. In addition, the reaction temperature is not 
IS particularly limited, and the reaction temperature may be set at preferably from C to 200''C, more preferably from 20" 
to 130'»C. 

[0042] In addition, the reaction time Is not particularly limited, and the reaction time may be set at preferably from 
several seconds to several days. The kinds and the concentration of the acids, the reaction temperature, and the 
reaction time may be properly selected depending upon the generated amount of the degradation product of the present 

20 invention and the degree of polymerization of the degradation product. For instance, during the manufacture of the 
degradation product of the present Invention, It is preferable that an organic acid such as citric acid, lactic acid or malic 
acid is used, and that the concentration of the acid Is properly selected from the range of several dozens mM to several 
M, and that the heating temperature from the range of 50* to 11 0'C, more preferably ZO** to 95**C, and that the heating 
time from the range of several minutes to 24 hours, whereby the degradation product of the present Invention can be 

25 prepared. The acid degradation product of the fucoidan is exemplified by the acid degradation product of the fucoidan 
derived from Kjelimanielia crassifolla, and this degradation product can be used as dietary fiber having new physio- 
logical functions of strong action for regulation of cytokine production, especially regulation of interferon-7 production 
during antigen presentation reaction between APCs and T cells; induction of nitrogen monoxide production; and anti- 
allergy. 

30 [0043] The degradation product of the present invention can be fractionated on the basis of Its action for regulation 
of cytokine production, induction of nitrogen monoxide production, or anti-allergy. For instance, the acid degradation 
product can be further fractionated based on a molecular weight by means of a gel filtration method, a fractionation 
method using a molecular weight fractionation membrane, or the like. 

[0044] As an example of gel filtration method, Cellulofine GCL-300 can be used to prepare any molecular weight 
35 fractions, for instance, one having a molecular weight exceeding 25000, one having a molecular weight of 25000 to 
exceeding 10000, one having a molecular weight of 10000 to exceeding 5000, one having a molecular weight of 5000 
or less. Cellulofine GCL-25 can be used to prepare any molecular weight fractions from the fraction having a molecular 
weight of 5000 or less, for instance, one having a molecular weight of 5000 to exceeding 3000, one having a molecular 
weight of 3000 to exceeding 2000, one having a molecular weight of 2000 to exceeding 1000, one having a molecular 
40 weight of 1000 to exceeding 500, one having a molecular weight of 500 or less. 

[0045] In addition, the molecular weight fractionation can be industrially carried out by using an ultrafiltration mem- 
brane. For instance, a fraction having a molecular weight of 30000 or less can be prepared by using FE10-FUSO38 
manufactured by DAICEL CHEMICAL INDUSTRIES, LTD., or a fraction having a molecular weight of 6000 or less can 
be prepared by using FE-FUS-T653 manufactured by the same. Further, a fraction having a molecular weight of 500 
45 or less can be obtained by using a nanofilter membrane. Any molecular weight fractions can be prepared by combining 
these gel filtration methods and molecular weight fractionation methods. 

[0046] The degradation product of the fucoidan having action for regulation of cytokine production, induction of ni- 
trogen monoxide, or anti-allergy which can be used in the present invention is exemplified by the compounds repre- 
sented by the fonnulas (I) to (IV), and these compounds can be prepared in accordance with the methods disclosed 
50 in WO 97/26896, and the specifications for International Application Nos. PCT/JP99/00606 and PCT/JPOO/00965. In 
addition, the degradation product of fucoidan of the present invention encompasses degradation products of fucoidan 
described in WO 97/26896, and the specifications for International Application Nos. PCT/JP99/00606 and PCT/ 
JPOO/00965. A fucoidan and an oligosaccharide having a repeating structure of the compound represented by the 
fonnula (I) can be also favorably used in the present invention. 

55 
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wherein R is OH or OSO3H; and 




wherein R is OH or OSO3H. 

[0047] Examples of the compound represented by the fornnula (I) include the compound represented by the formula 

(V) given later. 

[0048] The compound represented by the formula (I) can be obtained by, for instance, treating the above-mentioned 
F-fucoidan with endo-sulfated polysaccharide degrading enzyme (F-fucoldan -specific degradation enzyme) produced 
by Alteromonas sp. SN-1009 (PERM BP-5747), and purifying the degradation product. As to the content and the site 
of sulfate group in the compound, any ones can be purified from the degradation product. In addition, the polymer of 
the compound represented by the fornnula (t) is contained in the degradation product, and can be separated and purified 
depending on Its purposes. 

[0049] Each of the compound represented by the fornnula (II) and the compound represented by the formula (III) can 
be obtained by, for Instance, treating the above-mentioned U-fucoidan with endo-sulfated polysaccharide degrading 
enzyme (U-fucoidan-specifIc degradation enzyme) produced by Flavobacterium sp. SA-0082 (PERM BP-5402), and 

purifying the degradation product. As to the content and the site of sulfate group in the compound, any ones can be 
purified from the degradation product. In addition, the polymer of which basic backbone structure comprises the com- 
pound represented by the fonnula (II), but no double bonds, is also contained in the degradation product, and can be 
separated and purified depending on its purposes. 

[0050] The compound represented by the fonnula (IV) can be obtained by, for instance, treating G-fucoidan with 
endo-sulfated polysaccharide degrading enzyme which specifically degrades G-fucoidan (G-fucoidan-specific degra- 
dation enzyme) produced by Flavobacterium sp. SA-0082 (PERM BP-5402) to give a degradation product of G-fu- 
coldan, and purifying the degradation product. As to the content and the site of sulfate group in the compound, any 
ones can be purified from the degradation product. In addition, the polymerof which basic backbone structure comprises 
the compound represented by the fonnula (IV) is also contained In the degradation product, and can be separated and 
purified depending on its purposes. 



EP 1 226 826 A1 



[0051] The action for regulation of cytokine production, Induction of nitrogen monoxide production or anti-allergy for 
the fucoidan or a degradation product thereof can be examined, for instance, by the methods described In Examples 
1 , 2, 7 and 8 given below. In a case where the fucoidan or a degradation product thereof which Is to be tested exhibits 
the above action, the fucoidan or a degradation product which can be used in the present invention is selected on the 
5 basis of the action. 

[0052] In the present Invention, the cytokine of which production can be regulated by the fucoidan or a degradation 
product thereof Is not particularly limited. There are exemplified, for instance, interleuklns (IL)-1 to -1 8, interferon (IFN)- 
a, IFN-p, IFN-Y, lymphotoxins, tumor necrosis factors (TNFs), stem cell factors (SCFs), granulocyte macroph age-colony 
stimulating factor (GM-CSF), granulocyte colony-stimulating factor (G-CSF), macrophage-colony stimulating factor 
»o (M-CSF). and the like. 

[0053] These cytokines include those involved in expression and regulation of various cellular Immune responses 
such as delayed-type hypersensitive reactions and target cytotoxicity (IL-2, IFN-7, TNF-a, TNF-p and the like); those 
involved in the regulatory functions In the antibody production mechanism (IL-2, IL-4, IL-5, IL-6, and the like); those 
directly exhibiting suppressive action for proliferation or destroying action on tumor cells (TNF-a, TNF-p, IFN and the 

IS like); those capable of accelerating proliferation and differentiation of hematopoietic stem cells and precursor cells In 
the bone marrow (IL-1 , IL-3, IL-4, IL-5. IL-6. IL-7. IL-9, IL-11 , GM-CSF, G-CSF. M-CSF, and the like); those involved in 
inflammatory reactions (IL-1 . IL-6, IL-8, TNF-a, TNF-p, IFN and the like); those involved in allergic reaction (lL-3, IL- 
4. lL-5 and the like); those capable of enhancing activity of NK cells {IL-1 2); and the like. The action for regulation of 
cytokine production owned by the fucoidan and/or a degradation product thereof used in the present invention refers 

20 to action for regulation of cytokine production which can be selectively Induced only In a case where It Is necessary 
for cellular Immunity to be enhanced because of existence of an antigen to be removed, such as viral Infection or 
cancer, for instance, action for induction of I FN -y production or IL-12 production, or action for enhancement or accel- 
eration of their production. Therefore, the fucoidan and/or a degradation product thereof does not cause activation of 
the immune system and enhancement thereof in an unnecessary state, so that they do not lead to a disease such as 

25 an allergic disease or autoimmune disease. Thus, the fucoidan and/or a degradation product thereof is a very safe and 
effective Ingredient. In addition, the fucoidan and/or a degradation product thereof can bring about enhancement of 
cytotoxic immunity, for Instance, via enhancement of the cytotoxic activity of lymphocytes. 

[0054] Therefore, by using the fucoidan and/or a degradation product thereof to regulate the production of these 
cytokines, there can be treated or prevented a disease requiring regulation of cytokine production, such as a disease 
30 requiring expression and regulation of cellular immune response such as cancer; a disease requiring regulation of an 
antibody production such as autoimmune disease; a disease requiring differentiation of cells such as anemia or dia- 
betes; or a disease requiring suppression of inflammation such as septic shock, inflammatory enteropathy, chronic 
articular rheumatism, multiple sclerosis, or uveitis. 

[0055] The fucoidan and a degradation product thereof used in the present invention have an ability for regulation 
35 of cytokine production, so that a therapeutic agent or prophylactic agent for the above-mentioned disease requiring 
cytokine production can be prepared by using these compounds as effective ingredients. 

[0056] In addition, the fucoidan and a degradation product thereof used in the present invention have action for 
induction of nitrogen monoxide production. By using these compounds as effective Ingredients, there can be treated 
or prevented a disease requiring nitrogen monoxide production, such as arteriosclerosis requiring flaccidity of vascular 

40 smooth muscle, suppression of adhesion of thrombocytes, granulocytes and monocytes to vascular walls, inhibition 
of proliferation of secretory smooth muscle cells, and the like. The fucoidan and a degradation product thereof also 
exhibit an immunopotentiating effect through the above action. In addition, the action for induction of nitrogen monoxide 
production includes action for enhancement or acceleration of nitrogen monoxide production. 
[0057] Further, the fucoidan and a degradation product thereof used in the present invention have anti-allergic action, 

45 such as action for suppression of IgE production. By using these compounds as effective ingredients, there can be 
treated or prevented an allergic disease, such as a symptom mediated or aggravated by IgE production, including, for 
instance, allergic diseases caused by IgE such as bronchial asthma, allergic rhinitis, atopic dermatitis, allergic con- 
junctivitis, urticaria, and anaphylactic shock. 

[0058] A particular fractioned product of the above-mentioned fucoidan, especially F-fucoldan, U-fucoidan or G- 
50 fucoidan is a fucoidan-fractioned product of which basic structure has been clarified for the first time. Each degradation 
product prepared by using an enzyme specifically acting on each fractioned product, especially a fractioned product 
of the degradation product, such as compounds having the formulas (I) to (IV), has a low molecular weight, as compared 
to that of the fucoidan, and the same level of physiological activity as that of the fucoidan. This Is why these fractioned 
products or degradation products are remarkably more excellent, as compared to a simply isolated fucoidan, of which 
55 structure, composition, or properties are indefinite, or the fucoidan-containing substance. 

[0059] In the present Invention, there is provided a therapeutic agent or prophylactic agent for a disease requiring 
regulation of cytokine production, a disease requiring nitrogen monoxide production, or an allergic disease, comprising 
the fucoidan and/or a degradation product thereof as an effective ingredient. 
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[0060] Especially as the therapeutic agent or prophylactic agent for a disease requiring regulation of cytokine pro- 
duction of the present invention, from the viewpoint of efficacy, a therapeutic agent or prophylactic agent for a disease 
requiring regulation of interleukin or interferon production is preferable, and a therapeutic agent or prophylactic agent 
for a disease requiring regulation of Interferon y or interleukin-12 production is more preferable. Also, the therapeutic 

5 agent or prophylactic agent for an allergic disease of the present invention is a very useful anti-allergic agent from the 
viewpoints of having action for suppression of IgE production after sensitization with an antigen, and suppression of 
IgE production after sensitization with an antigen in oral administration. Further, the therapeutic agent or prophylactic 
agent for an allergic disease of the present invention is remarkably excellent especially from the viewpoint that antigen- 
specific IgE production in a symptom sensitized with an antigen such as pollinosis can be suppressed in oral admin- 

10 istration. Therefore, as the therapeutic agent or prophylactic agent for an allergic disease, a therapeutic agent or pro- 
phylactic agent for a disease requiring suppression of IgE production is preferable. 

[0061] The therapeutic agent or prophylactic agent of the present invention comprises as an effective ingredient the 
fucoidan and/or a degradation product thereof, and is obtained by combining with a known medicinal vehicle to make 
a preparation. The preparation is generally produced by formulating the fucoidan and/or a degradation product thereof 
IS with a phamnaceutically acceptable liquid or solid vehicle, and optionally adding a solvent, a dispersant, an emulslfier, 
a buffer, a stabilizer, an excrpient, a binder, a dislntegrant, a lubricant, or the like, and forming the resulting mixture into 
a solid agent such as a tablet, a granule, a powder, a fine powder, or a capsule, or a liquid agent such as a general 
liquid agent, a suspension agent, or an emulsion agent. In addition, a dry product which can be made Into a liquid form 
by adding an appropriate vehicle immediately before use can be also prepared. 
20 [0062] The pharmaceutical vehicle can be properly selected depending upon the administration embodiment and 
the preparation form of the therapeutic agent or prophylactic agent of the present invention. 
[0063] In the case of an orally administered preparation, for instance, starch, lactose, saccharose, mannitol, car- 
boxymethyl cellulose, cornstarch, inorganic salts and the like are available. In addition, during the preparation of the 
orally administered preparation, a binder, a dislntegrant, a surfactant, a lubricant, a fluidity accelerator, a flavor, a 
25 colorant, a perfume, or the like can be further fonmulated. 

[0064] On the other hand, in the case of a non-orally administered preparation, according to the conventional method, 
the preparation can be produced by dissolving or suspending the fucoidan and/or a degradation product thereof, which 
is an effective ingredient of the present invention, in distilled water for injection, physiological saline, aqueous glucose 
solution, vegetable oil for injection, sesame oil, peanut oil, soybean oil, com oil, propylene glycol, polyethylene glycol 
30 or the like as a diluent, and optionally adding a sterilizer, a stabilizer, an osmotic regulator, a soothing agent, or the like, 
[0065] The therapeutic agent or prophylactic agent of the present invention can be administered via an administration 
route appropriate for each of the preparation forni. The administration method is not limited to specific one. The agent 
can be administered internally or externally (ortopically) or by injection. The injection can be administered, for instance, 
Intravenously, intramuscularly, subcutaneously, intracutaneousty, or the like. External preparations Include a suppos- 
es itory. The therapeutic agent or prophylactic agent is preferably a therapeutic agent for oral administration or a prophy- 
lactic agent for oral administration, from the viewpoint of its efficacy. 

[0066] The dose for the therapeutic agent or prophylactic agent of the present invention is changeable and properly 
set depending upon its preparation form, administration method, purpose of use, age, body weight, symptom or the 
like of the patient to which the agent is applied, or the like. The dose for adult per day Is generally preferably from 0.1 

40 to 2000 mg/kg as the amount of the fucoidan and/or a degradation product thereof contained in the preparation. There- 
fore, the content of the fucoidan and/or a degradation product thereof in the therapeutic agent or prophylactic agent 
of the present invention can be properly detemnined so that the fucoidan and/or a degradation product thereof can be 
administered at least in the above-mentioned range by administering the therapeutic agent or prophylactic agent. As 
a matter of course, the dose varies depending upon various conditions as mentioned above, so that an amount smaller 

45 than the dose mentioned above may be sufficient, or an amount exceeding the dose range may be required. The 
therapeutic agent or prophylactic agent of the present invention can be directly orally administered, or the agent can 
be added to any foodstuffs to take it on a daily basis. Also, the fucoidan and/or a degradation product thereof may be 
used as a raw material of foodstuffs or feed for regulation of cytokine production, induction of nitrogen monoxide pro- 
duction, or anti-allergy. 

50 [0067] In addition, In one embodiment of the present invention, there Is provided use of the fucoidan and/or a deg- 
radation product thereof for treating or preventing a disease requiring regulation of cytokine production, a disease 
requiring nitrogen monoxide production, or an allergic disease; or a method of treating or preventing a disease requiring 
regulation of cytokine production, a disease requiring nitrogen monoxide production, or an allergic disease, wherein 
the fucoidan and/or a degradation product thereof is used. 

55 [0068] In order to treat or prevent a disease requiring regulation of cytokine production, a disease requiring nitrogen 
monoxide production, or an allergic disease, the fucoidan and/or a degradation product thereof may be, for instance, 
administered in the range exemplified above. For instance, the therapeutic agent or prophylactic agent of the present 
invention is properly administered. 
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[0069] In still another embodiment of the present invention, there is provided an agent for regulation of cytokine 
production, such as an agent for regulation of IFN-yor an agent for regulation of IL-12: an agent for induction of nitrogen 
monoxide production; or an anti-allergic agent, such as an agent for suppression of IgE production, each comprising 
as an effective ingredient the fucoidan and/or a degradation product thereof. These medicaments can be manufactured 

5 in the same manner as the above-mentioned therapeutic agent or prophylactic agent. For Instance, the agent for 
regulation of cytokine production is useful for functional studies of cytokines, and screening of medicaments for a 
disease associated with cytokines. The preparation fomis and the used amount of these medicaments are not partic- 
ularly limited, as long as a desired effect exhibited by the medicament depending upon each use is obtained. These 
agents can be also applied to the diseases exemplified above. 

10 [0070] In still another embodiment of the present invention, there is provided use of the fucoidan and/or a degradation 
product thereof for regulation of cytokine production, induction of nitrogen monoxide production, suppression of allergy, 
or suppression of IgE production; or a method for regulating cytokine production, inducing nitrogen monoxide produc- 
tion, suppressing allergy, or suppressing IgE production, wherein the fucoidan and/or a degradation product thereof is 
used. 

IS [0071] In order to carry out regulation of cytokine production, induction of nitrogen monoxide production, suppression 
of allergy, or suppression of IgE production, for instance, the agent for regulation of cytokine production, induction of 
nitrogen monoxide production or the like may be used so as to obtain a desired effect depending upon each use. 
[0072] The deduced phannacologlcal action for the fucoidan or a degradation product used in the present invention 
will be explained below. 

20 [0073] As the induction of 1 FN -y production from lymphocytes, there have been known induction via direct stimulation 
of T cells by mitogen such as Con A, and via intercellular interaction between antigen presenting cells (APCs) and T 
cells during sensitization with an antigen. The f omier is the induction by direct binding of the mitogen to T cell receptor, 
and the latter is the induction of production by stimulation of each receptor of APC and T cell, and action of IL-12 
produced from APC by the stimulation. As the reaction for the receptor involved in induction of IL-12 production, there 

25 have been known each reaction, as side stimulation, of CD40L on the T cell side with CD40 on the APC side, and 
CD28 on the T cell side with B7 on the APC side in addition to the reaction of T cell receptor (TCR)/ma]or histocom- 
patibility complex (MHO). 

[0074] ConventionaHy, there has been reported that a fucoidan derived from Laminaria Japonica induces IFN-7 pro- 
duction from spleen lymphocytes derived from nomial mouse to enhance the activation of NK cells [Chugoku Kaiyo 
30 Yakubutsu Zasshi (Zhongguo Haiyang Yaown. 1995, Third Period, 9-13). However, this is the Induction caused by 
direct stimulation to naive T cells in a resting phase. 

[0075] On the other hand, regarding the action for induction of I FN-y production of the fucoidan derived from Kjell- 
mantelia crassifolia and a fraction thereof presently confimied by the present Inventors, as shown in Examples, the 
induction action was not found in the direct stimulation or the alloantigen stimulation of lymphocytes, and the IFN-y 

35 production was increased only under the antigen stimulation of sensitized lymphocytes. Further, in this case, the in- 
duction of IL-12 production was also found. The action for induction of I FN ^production during this antigen-presenting 
reaction was such that about 50% of the action is suppressed when IL-12 produced is neutralized by an anti-IL-12 
antibody and that the action is completely suppressed when the reaction of CD40 and CD28 with their receptors is 
inhibited by an anti-CD40 antibody and an anti-CD28 antibody From this fact, it is deduced on the action mechanism 

40 for the induction of IFN-y production of the fucoidan derived from KJellmaniella crassifolia and a fraction thereof that 
the induction of IFN-y results from the enhancement of IL-12 production from APC by the action of the fucoidan and a 
fraction thereof to APC during antigen-presenting reaction, and from the action of the fucoidan and a fraction thereof 
to T cell activated by the interaction of APC and T cell. 

[0076] The fucoidan described in the above-mentioned report which studies on a direct induction action of the fu- 
45 coidan on T cell In a resting phase is different from the fucoidan derived from KjettmanieUa crassifolia used in the 
present invention. Therefore, their fucoldans exhibit completely different action, respectively. 
[0077] In addition, it was also shown in a system using a macrophage cell line, one of antigen presenting cells, that 
the fucoidan and a degradation product thereof Induces nitrogen monoxide production, and exhibits the immunopo- 
tentiating effect through the induction. However, even in this system, there was no induction of I FN-y production by the 
50 fucoidan and a degradation product thereof. It is considered that the fucoidan and a degradation product thereof used 
in the present invention does not have activity for direct induction of IFN-y production, and that nitrogen monoxide 
production are enhanced parallel to IL-12 production. From the above, there can be deduced that the enhancement 
of IFN-Y production by the fucoidan and a degradation product thereof according to the present invention is caused via 
the enhancement of IL-12 production from APC by the action of the fucoidan and a degradation product thereof to APC 
55 during antigen presenting reaction, not by the induction of I FN-y production by direct stimulation of T-cells in a resting 
phase, and that the enhancement of IFN-y production is induced by the action of the fucoidan and a degradation thereof 
to T cell activated by the interaction of APC and T cell. From this aspect, the fucoidan and a degradation product thereof 
used in the present invention exhibit completely different action from that of the above-mentioned report which studies 
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on the direct induction action. 

[0078] Here, IFN^ is produced when a T cell receptor of T cell (Th1 ) is stimulated with antigen presenting cell (APC) 
and the like, and the IFN-y production is enhanced by IL-12 produced from APC. IFN^ activates cellular immunity 
involving NK cell, macrophage, and the like in a case such as viral Infection, mycosis, and cancer diseases, thereby 

5 acting to enhance biophylaxis ability. 

[0079] On the other hand, IFN-y has been known to suppress the activation of Th2 cells which are considered to be 
causative of generation of allergic diseases represented by asthma, pollinosis, atopic dermatitis, and the like. Th2 cells 
induce production of immunoglobulin E antibody (IgE). The produced IgE is bound to a receptor on a cell membrane 
of a mast cell, thereby causing release of a chemical mediator from the mast cell. The allergic symptom is developed 

10 due to this inflammatory mediator as a direct causation. 

[0080] The anti-allergic agent of the present invention suppresses IgE production in the oral administration after 
sensitization with an antigen, thereby being very useful in ameliorations of symptoms in allergic diseases represented 
by asthma, pollinosis, atopic dermatitis, and the like after onset. 

[0081] Further, the present invention provides a food or beverage for regulation of cytokine production, induction of 
15 nitrogen monoxide production, or anti-allergy, wherein the food or beverage comprises the fucoldan and/or a degra- 
dation product thereof. 

[0082] Especially as the food or beverage for regulation of cytrokine production of the present invention, from the 
viewpoint of efficacy, a food or beverage for regulation of interleukin production or interferon production is preferable, 
and a food or beverage for regulation of interferon y production or interleukin-1 2 production is more preferable. 
20 [0083] Also, the food or beverage for anti-allergy of the present invention is a very useful foodstuff from the viewpoints 
of having action for suppression of IgE production after sensitization with an antigen, and exhibiting action for suppres- 
sion of IgE production after sensitization with an antigen by its intake. Therefore, as the food or beverage for anti- 
allergy, a food or beverage for suppression of IgE production is preferable. 

[0084] As to the feed described later, from the same viewpoints as above, the feed having the above action is pref- 
25 erable. 

[0085] Since the food or beverage has action for regulation of cytokine production, induction of nitrogen monoxide 
production, or anti-allergy, the food or beverage is very useful in amelioration or prevention of symptoms for a disease 
requiring regulation for cytokine production, a disease requiring nitrogen monoxide production, or an allergic disease, 
which is sensitive to the fucoidan or a degradation product thereof. 

30 [0086] The term "comprise or comprising" as referred to in the food, beverage or feed, or the cosmetic (described 
below) of the present invention includes the meanings of containing, adding and diluting. The temi "containing" refers 
to an embodiment of containing the effective ingredient used in the present Invention in the food, beverage or the like; 
the term "adding" refers to an embodiment of adding the effective ingredient used in the present Invention to a raw 
material for the food, beverage or the like; and the term "diluting" refers to an embodiment of adding a raw material for 

35 the food, beverage or the like to the effective ingredient used in the present invention. 

[0087] The method for manufacturing the food or beverage of the present invention is not particularly limited. The 
food or beverage may be manufactured according to a known method. For instance, the method includes, cooking, 
processing, and any methods for manufacturing food or beverage generally employed, as long as the resulting food 
or beverage contains as an effective ingredient the fucoidan and/or a degradation product thereof, wherein the fucoidan 

40 and or a degradation product thereof has action for regulation of cytokine production, induction of nitrogen monoxide 
production or anti-allergy. 

[0088] The food or beverage of the present Invention Is not particularly limited. The food or beverage includes those 
comprising the fucoidan and/or a degradation product as an effective ingredient, including, for instance, processed 
agricultural and forest products, processed stock raising products, processed marine products and the like, including 

45 processed grain products such as processed wheat products, processed starch products, processed premix products, 
noodles, macaronis, bread, bean jam, buckwheat noodles, wheat-gluten bread, rice noodle, fen-tiao, and packed rice 
cake; processed fat and oil products such as plastic fat and oil, tempura oil. salad oil, mayonnaise, and dressing; 
processed soybean products such as tof u products, soybean paste, and f emnented soybeans; processed meat products 
such as ham, bacon, pressed ham, and sausage; marine products such as frozen ground fish, boiled fish paste, tubular 

50 roll of boiled fish paste, cake of ground fish, deep-fried patty of fish paste, fish ball, sinew, fish meat ham and sausage, 
dried bonito, products of processed fish egg, marine cans, and preserved food boiled down in soy sauce {tsukudanf); 
milk products such as raw material milk, cream, yogurt, butter, cheese, condensed milk, powder milk, and ice cream; 
processed vegetable and fruit products such as paste, jam, pickled vegetables, fnjit beverages, vegetable beverages, 
and mixed beverages; confectionaries such as chocolates, biscuits, sweet bun, cake, rice cake snacks, and rice snacks; 

55 alcohol beverages such as sake, Chinese liquor, wine, whisky, Japanese distilled liquor [shochi/i, vodka, brandy, gin, 
ram, beer, refreshing alcoholic beverages, fruit liquor, and liqueur; luxury drinks such as green tea, tea, oolong tea, 
coffee, refreshing beverages and lactic acid beverages; seasonings such as soy sauce, sauce, vinegar, and sweet rfee 
wine; canned, binned or pouched foods such as rice topped cooked beef and vegetable, rice boiled together with meat 
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and vegetables in a small pot, steamed rice with red beans, curry roux and rice, and other precooked foods; semi-dry 
or concentrated foods such as liver pastes and other spreads, soups for buckwheat noodles or wheat noodles, and 
concentrated soups; dry foods such as instant noodles, instant curry roux, instant coffee, powder Juice, powder soup, 
instant soybean paste [miso) soup, precooked foods, precooked beverages, and precooked soup; frozen foods such 

5 as sukiyaki, pot-steamed hotchpotch, split and grilled eel, hamburger steak, shao-mai, dumpling stuffed with minced 
pork, various sticks, and fruit cocktails; solid foods; liquid foods (soups); spices; and the like. 
[0089] The food or beverage of the present invention comprises the fucoldan and/or a degradation product thereof 
having physiological action selected from action for regulation of cytokine production, action for induction of nitrogen 
monoxide production, anti-allergic action and the like, and its shape is not particularly limited as long as an amount 

10 necessary for the fucoidan and/or a degradation product thereof to exhibit the physiological action is contained. The 
food or beverage including, for instance, products shaped into tablets, granules, capsules or the like, which can be 
orally taken. 

[0090] The content of the fucoldan and/or a degradation product In the food or beverage can be properly selected 
on the basis of sensory and physiological activity. The content is, for instance, 1 0'® parts by weight or more, preferably 
15 from 10-7 to 2 parts by weight, per 100 parts by weight of the food, or for instance, 10*® parts by weight or more, 
preferably from 1 0^^ to 2 parts by weight, per 1 00 parts by weight of the beverage. For Instance, the food or beverage 
may be taken such that the fucoidan and/or a degradation product thereof can be taken in an amount of from 0.01 to 
2000 mg/kg per day for adult. 

[0091] Here, the fucoidan and a degradation product thereof having physiological action selected from action for 
20 regulation of cytokine production, action for induction of nitrogen monoxide production, anti-allergic action and the like 
are extremely useful production material for a food or beverage as a health food material having both physiological 
action and dietary fiber function. 

[0092] In addition, according to the present invention, there is provided a feed for an organism comprising as an 
effective ingredient the fucoidan and/or a degradation product thereof having physiological action selected from action 
25 for regulation of cytokine production, action for induction of nitrogen monoxide production, anti-allergic action and the 

like. 

[0093] Also in one embodiment of the present Invention, there is provided a method of feeding an organism, com- 
prising administering the fucoidan and/or a degradation product thereof having the above physiological action to the 

organism. 

30 [0094] Also in one embodiment of the present invention, there Is provided an organ ism -feeding agent comprising 
the fucoidan and/or a degradation product thereof having the above physiological action. 

[0095] In these inventions, the organism includes, for instance, culturing or breeding animals, pet animals, and the 
like. The culturing or breeding animal is exemplified by cattle, experimental animals, poultry, pisces, crustaceae or 
shellfish. 

35 [0096] The feed is exemplified by a feed for physical condition improvement on the basis of the physiological action 
of the fucoidan and/or a degradation product thereof. 

[0097] The organism-feeding agent includes immersion agents, feed additives, and beverage additives. 

[0098] In these inventions, the fucoidan and/or a degradation product thereof having the above physiological action 

has an effect of improving a feeding efficiency of an organism, for instance, survival rate, fattening ratio, egg production 

40 ratio, calf production ratio, weaning ratio, or the like. 

[0099] In the method of feeding an organism comprising administering the fucoidan and/or a degradation product 
thereof to an organism, the fucoidan and/or a degradation product thereof having the above physiological action may 
be usually administered in an amount of preferably from 0.01 to 2000 mg per 1 kg of body weight of the subject organism 
per day. The administration can be carried out by. for instance, adding and mixing the fucoidan and/or a degradation 

45 product thereof in a raw material for an artificially fomiulated feed, or mixing the fucoidan and/or a degradation product 
thereof with a powder raw material for an artificially fomnulated feed, and thereafter further adding and mixing other 
raw materials with the resulting mixture. In addition, the feed of the present invention may be administered so that the 
above dose of the fucoidan and/or a degradation product thereof can be achieved. 

[0100] The content of the fucoidan and/or a degradation product thereof having the above physiological action in the 
50 feed is not particularly limited. The fucoidan and/or a degradation product thereof may be used in accordance with its 
purposes, and a preferable proportion in the feed is from 0.001 to 15% by weight. 

[0101] The artificially fomiulated feed includes artificially fomiulated feeds comprising as raw materials animal-de- 
rived raw materials such as fish meal, casein, and squid meal; plant-derived raw materials such as soybean grounds, 
flour, starch and yeasts for feed; animal fats and oils such as cod-liver oil and squid-liver oil; vegetable fats and oils 
55 such as soybean oil and rapeseed oil; vitamins, minerals, amino acids, and antioxidants; and the like. In addition, feeds 
for fish such as fish minced meat are also Included. 

[0102] In addition, functional food materials including the functional oligosaccharides such as fructooligosaccharide 
and isomaltooligosaccharide; dietary fibers such as polydextrose, hardly digestible dextrin, and p-1 ,3-glucan; propolis, 
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sugar alcohols such as maltitol, palatinit, and erythritol; EPA. y-linolenic acid, heme, chlorella extracts, Spirulina ex- 
tracts, and whiteberry extracts; cahostatic nnaterjals such as polyphenols may be used as a raw material for the feed 
of the present invention. Here, as the feed in the present invention, there can be encompassed a feed additive and a 
nutritional supplement for a feed. 
5 [0103] The method for manufacturing the feed of the present invention is not particulariy limited, as long as an ef- 
fective amount of the fucoidan and/or a degradation product thereof having physiological action selected from action 
for regulation of cytokine production, induction of nitrogen monoxide production, anti-allergy, and the like is contained 
in the feed manufactured. 

[0104] Also, the fucoidan and/or a degradation product thereof having the above physiological action can be admin - 
10 istered by directly adding the fucoidan and/or a degradation product thereof to water, seawater, or the like in a pool, a 

water tank, a water reservoir, or a feeding range, and immersing a subject organism into the resulting solution. The 

immersion method is effective especially when the amount of intake of the feed of the subject organism is lowered. 

[01 05] The concentration of the fucoidan and/or a degradation product thereof in water or seawater is not particularly 

limited, and the fucoidan and/or a degradation product thereof may be used in accordance with its purposes. It is 
15 preferable that the concentration Is from 0.00001 to 1% by weight. 

[0106] Also, a beverage comprising the fucoidan and/or a degradation product thereof having the above physiological 

action may be given to a subject organism as a feeding drink. 

[0107] The concentration of the fucoidan and/or a degradation product thereof having the above physiological action 
in the beverage is not particularly limited, and the fucoidan and/or a degradation product thereof may be used in ac- 
20 cordance with its purposes. It is preferable that the concentration is from 0.0001 to 1% by weight. 

[0108] The organism feeding agent, for instance, an immersion agent, a feed additive, or a beverage additive com- 
prising as an effective ingredient the fucoidan and/or a degradation product thereof having the above physiological 
action may be prepared by a known method. 

[0109] The organism to which the present invention can be applied is not limited. The culturing or breeding animals 
25 include cattle such as Equus, Bos. Porous, Ovis, Capra, Cametus, and Lama; experimental animals such as mice, rats, 
guinea pigs, and rabbits; poultry such as Chrysofophus, ducks, Meleagris, and Struthioniformes; pisces such as Pagrus, 
Opfegnathidae, Paralichthys, plaice, Seriola, young Seriola, amberjack, Thunna, Caranx delicatissimus, Plecoglossus, 
Salmo 'Oncorhynchus, Fugu, AnguiHa, Misguirus, and Parasilurus; Crustaceae such as Penaidae, black tiger shrimp, 
Penaeus roentalls, and Portulus tritubercuiatus; and shellfish such as abalones (awabi), turban shells, scallops, and 
30 oysters; and the pet animals includes dogs, cats, and the like, so that the feed can be widely applied to animals on 
land and in water. 

[0110] By allowing a subject organism to take the feed comprising the fucoidan and/or a degradation product thereof 
having physiological action selected from action for regulation of cytokine production, action for induction of nitrogen 
monoxide production, anti-allergic action and the like, or immersing a subject organism Into a solution containing the 
35 fucoidan and/or a degradation product thereof, the physical conditions, health, biological homeostasis, metabolism 
and the like of cattle, experimental animals, poultry, pisces, Caustacea, shellfish, pet animals or the like are improved, 
so that the present invention is very useful in anti-aging prevention of an organism. 

[0111] Further, the fucoidan and/or a degradation product thereof having physiological action selected from action 
for regulation of cytokine production, action for induction of nitrogen monoxide production, anti-allergic action, and the 

40 like is useful as an effective ingredient for a cosmetic. In one embodiment of the present invention, there is provided 
a cosmetic for regulation of cytokine production, induction of nitrogen monoxide production, anti-allergy, or the like, 
wherein the cosmetic comprises as an effective ingredient the fucoidan and/or a degradation product thereof. 
[0112] The content of the fucoidan and/or a degradation product thereof contained in these cosmetics or the like is 
usually preferably from 0.0001 to 20% by weight, more preferably from 0.001 to 5% by weight. 

^5 [01 13] The cosmetic of the present invention is effective for oral administration as well as percutaneous application. 
According to the present invention, there is provided a cosmetic effective for percutaneous application or oral admin- 
istration. Especially the cosmetic for anti-allergy is useful for treatment or prevention of atopic dermatitis due to its anti- 
atopic action. Mere, the amount of dose and the amount of application may be properiy adjusted so as to obtain desired 
effects. 

50 [0114] The cosmetic of the present invention can be manufactured In accordance with a conventional method. As 
the cosmetic for regulation of cytokine production, induction of nitrogen monoxide production or anti-allergy, there can 
be manufactured, for instance, a lotion, a milky lotion, cream, a facial pack, a bathing agent, a facial cleansing agent, 
a bathing soap, a hair tonic, a hair restorer, or a shampoo. 

[0115] In addition, no case of death is found even when the fucoidan and/or a degradation product thereof having 
55 action for regulation of cytokine production, induction of nitrogen monoxide production, or anti-allergy used in the 
present invention is orally administered to a rat in a single dose of 1 g/kg. 
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EXAMPLES 

[0116] The present invention will be more concretely described by means of the examples, without limiting the scope 
of the present invention thereto. Here, "%" in Examples means "% by weight." 

5 

Reference Example 1 
[0117] 

10 (1) KjeJImanieHa crassifolia was sufficiently dried, and thereafter 20 kg of the dried product was powdered with a 

free mill (manufactured by Nara Kikai Seisakusho). 

In 900 liters of tap water was dissolved 7.3 kg of calcium chloride dihydrate (manufactured by Nippon Soda 

Co., Ltd.), and 20 kg of the powdered product of KjeHmaniella crassifolia was then mixed therewith. The resulting 

mixture was heated for 40 minutes until the liquid temperature was raised from ^2'*C to 90'C by blowing steam. 
15 Thereafter, the mixture was kept at 90° to 95**C for 1 hour under stirring, and then cooled, to give 11 00 liters of a 

cooled product. 

Subsequently, the cooled product was subjected to solid-liquid separation with a solid-liquid separator (man- 
ufactured by West Farrier Separator, Model: CNA), to give about 900 liters of supernatant after solid-liquid sepa- 
ration. 

20 The amount 360 liters of the supernatant after solid-liquid separation was concentrated up to a volume of 20 

liters with FE10-FC-FUS0382 (fraction molecular weight: 30000) manufactured by DAICEL CHEMICAL INDUS- 
TRIES, LTD. Thereafter, the steps of adding 20 liters of tap water and again concentrating the resulting liquid 
mixture up to a volume of 20 liters were repeated 5 times, and the concentrate was subjected to a desalting 
treatment, to give 25 liters of an extract derived from KjeHmaniella crassifolia. 

25 One liter of the extract was lyophlllzed, to give 13 g of a dried product of fucoidan derived from KjeHmaniella 

crassifolia, 

(2) Seven grams of the dried product of fucoidan described in item (1) of Reference Example 1 was dissolved in 
700 ml of a 20 mM imidazole buffer (pH 8.0) containing 50 mM sodium chloride and 10% ethanol, and insoluble 

30 matters were removed by centrif ugation . The supernatant after centrifugation was applied onto a D EAE-Cellulof ine 

A-800 column ((|) 11 .4 cm x 48 cm) equilibrated with the same buffer, and then washed with the same buffer. The 
elution was can-led out with a concentration gradient of from 50 mM to 1 .95 M sodium chloride (250 ml per fraction). 
A total sugar content and an uronic acid content were detennined by the phenol-sulfuric acid method and the 
carbazole-sulfuric acid method, to give Fractions 43 to 49, Fractions 50 to 55, and Fractions 56 to 67, in the order 

35 of elution. Next, these fractions were desalted by electrodialysis, and thereafter lyophillzed, to give each of Fraction 

I (340 mg) from Fractions 43 to 49, Fraction II (870 mg) from Fractions 50 to 55, and Fraction III (2.64 g) from 
Fractions 56 to 67. 

Figure 1 shows an elution pattern of the fucoidan derived from KjeHmaniella crassifolia on the D EAE-Cellulof ine 
A-800 column. In Figure 1, the axis of ordinates is the absorbance at 530 nm as detennined by the carbazole- 
40 sulfuric acid method (solid circles in the figure), the absorbance at 480 nm as determined by the phenol-sulfuric 

acid method (open circles in the figure), and the electric conductivity (mS/cm: open squares in the figure), and the 
axis of abscissas is the fraction number. 

Reference Example 2 

45 

[0118] 

(1) A 2-liter Erienmeyer flask was charged with 600 ml of a culture medium comprising an artificial sea water 
(manufactured by Jamarin Laboratory), pH 8.2, containing 0.25% glucose, 1 .0% peptone, and 0.05% yeast extract, 

so and then sterilized (at 1 20°C for 20 minutes). Alteromonas sp. SN-1 009 (FERM BP-5747) was Inoculated Into the 

culture medium, and cultured at 25°C for 26 hours, to give a seed culture medium. A 30-liter jar fermentor was 
charged with 20 liters of a culture medium comprising an artificial sea water, pH 8.0, containing 1 .0% peptone, 
0.02% yeast extract, 0.2% sulfated polysaccharide described in item (2) of Reference Example 2 described below, 
and 0.01% defoaming agent (manufactured by Shin-Etsu Chemical Co., Ltd., KM70), and sterilized at 120*>C for 

55 20 minutes. After cooling, 600 ml of the above-mentioned seed culture medium was Inoculated, and cultured at 

24^0 for 24 hours under the conditions of 10 liters of aeration per minute and a stirring rate of 250 rpm. After 
temnlnatlon of the culture, the culture medium was centrlfuged, to give cells and culture supernatant. The culture 
supernatant obtained was concentrated with an ultrafilter equipped with holofiber having an excluding molecular 
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weight of 1 0000, and the concentrate was then subjected to salting out with an 85% saturated annmoniunn sulfate. 
Precipitates fomned were harvested by centrifugation, and sufficiently dialyzed against a 20 mM Tris-HCI buffer 
(pH 8.2) containing an artificial sea water at a one-tenth concentration, to give 600 nnl of a solution of an endo- 
sulfated polysaccharide-degrading enzyme (F-fucoidan •specific degradation enzynne), selectively acting on the 
5 sulfated polysaccharide. 

(2) Two l<ilograms of dried KjeUmanieUa crasslfolla was powdered with a cutter mill (manufactured by Masuko 
Sangyo) fitted with a screen having a diameter of 1 mm, and the resulting seaweed chips were suspended in 20 
liters of 80% ethanol. The suspension was stinted at 25*C for 3 hours and filtered with a filter paper, and thereafter 

10 the residue was sufficiently washed. The residue obtained was suspended in 40 liters of a 20 mM sodium phosphate 

buffer, pH 6.5, which was heated to 95°C, the buffer containing 50 mlVI sodium chloride. The suspension was 
treated at QS'C for 2 hours with occasional stirring, to extract a sulfated polysaccharide. 

The suspension of the extract was filtered, to give a filtrate. Thereafter, the filtration residue was washed with 
3.5 titers of 100 mM sodium chloride, to give an additional filtrate. 

'5 Both filtrates were combined, and then the temperature was lowered to 30°C. After 3000 U of alglnrc add 

lyase K (manufactured by Nagase Seikagaku Kogyo) was added to the resulting mixture, 4 liters of ethanol was 
added thereto. The resulting mixture was stirred at 25^0 for 24 hours. Next, the mixture was centrifuged, and the 
resulting supernatant was concentrated up to a volume of 4 liters with an ultrafilter equipped with holofiber having 
an excluding molecular weight of 100000. Further, the ultrafiltration was continued with 100 mM sodium chloride 

20 containing 1 0% ethanol until a colored substance was no longer filtered. 

Precipitates formed in a non-filtrate solution were removed by centrifugation, and the temperature of the re- 
sulting supernatant was lowered to 5*C. The pH was adjusted to 2.0 with 0.5 N hydrochloric acid, and thereafter 
the fonmed precipitates such as a protein were removed by centrifugation. The pH of the resulting supernatant 
was rapidly adjusted to 8.0 with 1 N sodium hydroxide. 

^5 Next, an ultrafiltration was carried out with an ultrafilter equipped with holofiber having an excluding molecular 

weight of 100000, and the solvent was completely substituted with 20 mM sodium chloride, pH 8.0. Thereafter, 
the pH was again adjusted to 8.0, and the resulting mixture was centrifuged and then lyophilized, to give about 95 
g of a sulfated polysaccharide. 

30 (3) Two kilograms of dried Kj'ellmaniella crassifolia was powdered with a cutter mill fitted with a screen having a 

diameter of 1 mm, and the resulting seaweed chips were suspended in 20 liters of 80% ethanol. The resulting 
suspension was stirred at 25°C for 3 hours, and filtered with a filter paper, and thereafter the residue was sufficiently 
washed. The residue obtained was suspended in 20 liters of a buffer (pH 8.2) containing 30 ml of a solution of the 
endo-sulfated polysaccharide-degrading enzyme prepared in item (1 ) of the above-mentioned Reference Example 

35 2, 1 0% ethanol, 1 00 mM sodium chloride, 50 mM calcium chloride and 50 mM imidazole, and the resulting mixture 

was stin-ed at 25**C for 48 hours. This suspension was filtered with a stainless screen having a screen-opening 
diameter of 32 p.m. and the residue was washed with 10% ethanol containing 50 mM calcium chloride. Further, 
the residue was suspended in 10 liters of 10% ethanol containing 50 mM calcium chloride, and the suspension 
was stirred for 3 hours, and thereafter filtered with the stainless screen, and the residue was washed. Further, the 

40 residue was suspended under the same conditions, and the suspension was then stirred for 16 hours. The sus- 

pension was filtered with the stainless screen having a diameter of 32 ^.m, and the residue was washed. 

[0119] The filtrate and the washings thus obtained were collected, and the combined mixture was subjected to ul- 
trafiltration with an ultrafilter equipped with holofiber having an excluding molecular weight of 3000, thereby separating 

45 a filtered solution from a non-filtered solution. 

[0120] This filtered solution was concentrated to a volume of about 3 liters with a rotary evaporator, and thereafter 
the concentrate was centrifuged, to give supernatant. The supernatant obtained was desalted with an electric dialyzer 
equipped with a membrane having an excluding molecular weight of 300. To the resulting solution was added calcium 
acetate so as to give a concentration of 0.1 M, and precipitates fomned were removed by centrifugation. The resulting 

50 supernatant was applied onto a DEAE-Cellulofine column (amount of resin: 4 liters) previously equilibrated with 50 mM 
calcium acetate, and sufficiently washed with 50 mM calcium acetate and 50 mM sodium chloride. Thereafter, the 
elution was carried out with a concentration gradient of from 50 mM to 800 mM sodium chloride. The amount collected 
at this time was 500 ml per fraction. The collected fraction was analyzed by cellulose acetate membrane electrophoresis 
[Anatytical Biochemistry, 37, 197-202 (1970)]. As a result, a sulfated saccharide which was eluted on a concentration 

S5 of about 0.4 M sodium chloride (Proximity of Fraction No. 63) was homogeneous. 

[01 21 ] Then, a solution of Fraction No. 63 was first concentrated to a volume of 1 50 ml, and thereafter sodium chloride 
was added so as to give a concentration of 4 M. The resulting solution was applied onto a Phenyl-Celluloflne column 
(amount of resin: 200 ml) previously equilibrated with 4 M sodium chloride, and sufficiently washed with 4 M sodium 
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chloride. Non-adsorptive sulfated saccharide fractions were collected, and desalted with an electrodlalyzer equipped 
with a membrane having an excluding molecular weight of 300, to give 505 ml of a desalted solution. 
[0122] Forty milliliters of the desalted solution obtained was applied onto a Celluloflne GCL-90 column (4.1 cm x 87 
cm) equilibrated with 0.2 M sodium chloride containing 10% ethanol. to perfomi gel filtration. The collection was per- 
fomied at 9.2 ml per fraction. 

[0123] All of the fractions were analyzed for a total sugar content by the phenol-sulfuric acid method [Anaiytical 
Chemistry. 28, 350(1956)). 

[0124] As a result, since the sulfated saccharide formed a single peak, Fraction Nos. 63 to 70, which were fractions 
corresponding to a central part of the peak were collected. The combined fraction was desalted with an electrodlalyzer 
equipped with a membrane having an excluding molecular weight of 300, and thereafter lyophillzed, to give 112 mg of 
a dried product of the compound represented by the following formula V. 




Reference Example 3 
[0125] 

(1) Two kilograms of dried Kjellmaniella crassifolia was powdered with a cutter mill (manufactured by Masuko 
Sangyo) fitted with a screen having a hole diameter of 1 mm. After the powdered product was stirred in 20 liters 
of 80% ethanol at 25'C for 3 hours, the mixture was filtered, and the residue was washed. The resulting residue 
was suspended in 20 liters of a 30 mM imidazole buffer (pH 8.2) containing 50 mM calcium chloride, 100 mM 
sodium chloride. 10% ethanol, and 1 U oi Alteromonassp. SN-1009 (FERM BP-5747) endo-sulfated polysaccha- 
ride-degrading enzyme (F-fucoidan-specific degradation enzyme) prepared in item (1 ) of Reference Example 2. 
The resulting suspension was stirred at 25'»C for 2 days, and thereafter filtered with a stainless screen having a 
hole diameter of 32 ^m, and the residue was washed. The resulting residue was suspended in 40 liters of a sodium 
phosphate buffer (pH 6.6) containing 1 00 ml\^ sodium chloride, 1 0% ethanol and 4 g of an alginte acid lyase (man- 
ufactured by Nagase Seikagaku Kogyo). The resulting suspension was stirred at 25°C for 4 days, and thereafter 
centrifuged, to give supernatant. In order to remove low-molecular weight products of alginic acid contained in the 
supernatant obtained, the supernatant was concentrated to a volume of 2 liters with an ultrafilter equipped with 
holofiber having an excluding molecular weight of 100000, and thereafter the solvent was exchanged for 100 mM 
sodium chloride containing 10% ethanol. To the resulting solution was added with stirring an equivolume of 400 
mM calcium acetate, and thereafter the mixture was centrifuged. The pH of the resulting supernatant was adjusted 
to 2 with 1 N hydrochloric acid, with cooling on ice. Precipitates formed were removed by centrifugation. and the 
pH of the resulting supernatant was adjusted to 8.0 with 1 N sodium hydroxide. This solution was concentrated to 
a volume of 1 liter by ultrafiltration, and thereafter the solvent was exchanged for 100 mM sodium chloride. Pre- 
cipitates formed at this time were removed by centrifugation. In order to remove hydrophobic substances in the 
resulting supernatant, sodium chloride was added to the supernatant so as to give a concentration of 1 M, and the 
resulting mixture was applied onto a column containing 3 liters of Phenyl-Celluloflne (manufactured by Seikagaku 
Corporation) equilibrated with 1 M sodium chloride, to collect an effluent fraction. The fraction was concentrated 
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with an ultraf liter, and thereafter the solvent was exchanged for 20 mM sodium chloride. The resulting solution was 
iyophillzed, and the weight of the iyophilized product was 29.3 g. 

(2) Fifteen grams of the above-mentioned Iyophilized product was dissolved In 1 .5 liters of 50 mlVI Tris-HCI buffer 
s containing 400 mM sodium chloride and 9 U of an endo-sutfated potysaccharide-degrading enzyme (U-fucoidan- 

specific degradation enzyme) obtained from a culture in the same manner as In item (1) of Reference Example 2, 
the culture prepared by culturing Flavobacterium sp. SA-0082 (PERM BP-5402) disclosed in W097/26896. After 
the resulting solution was subjected to the reaction at 25''C for 6 days, the reaction mixture was concentrated to 
a volume of about 300 ml with an evaporator. The concentrate was placed In a dialyzing tube having an excluding 
10 molecular weight of 3500 and thoroughly dialyzed. The solution remaining In the dialysis tube was applied onto a 

column containing 4 liters of DEAE-Cellulofine A-800 equilibrated with 50 mM sodium chloride, and sufficiently 
washed with 50 mM sodium chloride. Thereafter, the elution was candied out on a concentration gradient of from 
50 to 650 mM sodium chloride. Further, the eiution was sufficiently carried out in the same column with 650 mM 
sodium chloride. Among the eluted fractions, the fractions etuted with 650 mM sodium chloride were collected as 
15 a sulfated fucogalactan fraction, and concentrated with an ultrafilter having an excluding molecular weight of 

1 00000. Thereafter, the solvent was substituted with 1 0 mM sodium chloride, and the resulting solution was Iyophi- 
lized, to give 0.85 g of a Iyophilized product of sulfated fucogalactan. The sulfated fucogalactan obtained (G- 
fucoidan) was found to contain galactose and fucose as constituting saccharides in a molar ratio of about 2:1 . 

20 Reference Example 4 

[0126] One kilogram of a dried product of a commercially available sporophyll of Undaria pinnatifida (Wat<ame Me- 
kabu) was powdered with a cutter mill fitted with a screen having a hole diameter of 1 mm. Thereafter, the powdered 
sporophyll was suspended in 1 0 liters of 80% ethanol, and the suspension was stirred for 3 hours, and thereafter filtered 

25 with a filter paper, to give a residue. The residue was suspended in 20 liters of a 40 mM sodium phosphate buffer (pH 
6.5) containing 50 mM sodium chloride, and treated at 95'C for 2 hours. The treated solution was cooled to SV'C, and 
thereafter ethanol was added thereto so as to give a concentration of 10%. 12000 U of a commercially available alginic 
acid lyase K (manufactured by Nagase Seikagaku Kogyo) was added thereto, and thereafter the mixture was stirred 
at room temperature for 24 hours. The resulting treated solution was centrifuged, and the resulting supernatant was 

30 concentrated to a volume of 2 liters with an ultrafilter equipped with holofiber having an excluding molecular weight of 
1 00000. Thereafter, precipitates fomned were removed by centrifugation. The resulting supernatant was cooled to 5°C, 
and thereafter 0.5 N hydrochloric acid was added thereto to adjust the pH to 2.0. Subsequently, the resulting mixture 
was stirred for 30 minutes, and precipitates formed were removed by centrifugation. The pH of the resulting supernatant 
was adjusted to 8.0 with 0.5 N sodium hydroxide, and the solvent was substituted with 20 mM sodium chloride by 

35 ultrafiltration. The pH of the resulting solution was adjusted to 8.0, and thereafter the supernatant obtained by centrif- 
ugation was Iyophilized, to give 90.5 g of fucoldan derived from sporophyll of Undaria pinnatifida. 

Reference Example 5 

40 [0127] One kilogram of a dried product of powdered Fucus veslculosus was suspended in 1 0 liters of 80% ethanol, 
and the suspension was stirred for 3 hours, and thereafter filtered with a filter paper, to give a residue. The residue 
was suspended in 30 liters of a 30 mM sodium phosphate buffer (pH 6.0) containing 100 mM sodium chloride, and 
treated at 95''C for 2 hours. After the treated solution was cooled to 37°C, 100 g of activated carison was added, and 
the mixture was stirred for 30 minutes. After 3000 U of a commercially available alginic acid lyase K was added, ethanol 

45 was added so as to give a concentration of 10%, and the resulting mixture was stirred at room temperature for 24 
hours. The resulting treated solution was centrifuged, and the supernatant was concentrated to a volume of 2 liters 
with an ultrafilter equipped with holofiber having an excluding molecular weight of 100000. Thereafter, precipitates 
fomned were removed by centrifugation, and the resulting supernatant was ultrafiltered with an extract added, to remove 
a pigment. The non-filtered solution obtained was cooled to 5°C, and thereafter 0.5 N hydrochloric acid was added 

50 thereto to adjust the pH to 2.0. Thereafter, the resulting solution was stirred for 30 minutes, and precipitates fonned 
were removed by centrifugation. The pH of the supernatant was adjusted to 8.0 with 0.5 N sodium hydroxide, and the 
solvent was substituted with 20 mM sodium chloride by ultrafiltration. The pH of the resulting solution was adjusted to 
8.0, and thereafter the supernatant obtained by centrifugation was Iyophilized, to give 71 g of fucoidan derived from 
Fucus vesiculosus. 

55 

Reference Example 6 

[01 28] Two grams of fucoidan derived from Kjellmaniella crassifolia prepared by the method described in item (1 ) of 
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Reference Example 1 was dissolved In 100 ml of water, and the pH of the solution was adjusted to pH 3 with citric acid. 
Thereafter, the resulting mixture was treated at 100°C for 3 hours, to give a hydrolysate with the acid of the fucoidan. 
This hydrolysate was subjected to molecular weight fractionation by gel filtration on Cellulofine GCL-300 or Cellulofine 
GCL-25, to fractionate the hydrolysate into fractions exceeding MW 25000 (Fraction A); exceeding MW 10000 to MW 
5 25000 (Fraction B); exceeding MW 5000 to 1 0000 (Fraction C); exceeding MW 2000 to 5000 (Fraction D); exceeding 
MW 500 to 2000 (Fraction E); and MW 500 or less (Fraction F)- Further, each of these fractions and the hydrolysate 
were desalted, and then lyophilized, to give the hydrolysate and each fraction of the hydrolysate. 

Reference Example 7 

w 

[0129] Five kilograms of sea cucumbers were dissected, and the organs were removed to collect somatic layers. 
Five-hundred milliliters of acetone was added per 200 g of the wet weight of the somatic layers, and the mixture was 
treated with a homogenlzer. Thereafter, the homogenate was filtered, and the residue was washed with acetone until 
no more colored substances remained. This residue was dried with suction, to give 140 g of a dried product. To this 

15 dried product was added 2.8 liters of a 0.4 M saline, and the mixture was treated at 1 0O'C for 1 hour. Thereafter, the 
mixture was filtered, and the resulting residue was sufficiently washed with a 0.4 M saline, to give 3.7 liters of an extract. 
To this extract was added 5% cetyl pyridlnium chloride until no more precipitates were fonned, and the formed precip- 
itates were harvested by centrlfugation. The precipitates were suspended in a 0.4 M saline, and then centrifuged again. 
One liter of a 4 M saline was added to the resulting precipitates, and the mixture was treated with a homogenlzer. 

20 Thereafter, 4 liters of ethanol was added thereto with stirring, and the resulting mixture was stirred for 1 hour, and 
thereafter filtered, to give precipitates. The steps of suspending the precipitates in 80% ethanol and thereafter filtering 
the suspension were repeated until the absortance at 260 nm of the supernatant became 0. The precipitates obtained 
were suspended in 2 liters of a 2M saline, and insoluble matters were removed by centrlfugation. The supernatant was 
ultrafiltered with an ultrafilter equipped with a membrane having an excluding molecular weight of 30000, and com- 

2s pletely desalted. Thereafter, the resulting product was lyophilized. to give 3.7 g of fucoidan derived from sea cucumbers. 

Reference Example 8 

[0130] Six-hundred and twenty five grams of a commercially available, salt-preserved Cladosiphon okamuranus was 
30 suspended in 4375 ml of a 30 mM sodium phosphate buffer (pH 6.0), and treated with a homogenlzer at 8000 rpm for 
5 minutes. Thereafter, the homogenate was treated at 95*'C for 1 hour, and centrifuged, to give supernatant. Ten grams 
of activated carbon was added to the resulting supernatant, and the resulting mixture was then stirred for 30 minutes, 
and centrifuged, to give supernatant. The resulting supernatant was concentrated to a volume of 2 liters with an ultrafilter 
equipped with holofiber having an excluding molecular weight of 100000. and thereafter the solvent was substituted 
35 with 20 mM sodium chloride. The resulting solution was lyophilized, to give 1 0.9 g of a dried product of fucoidan fraction 
derived from Cladosiphon okamuranus. 

Example 1 

40 [0131] RAW 264.7 cells (ATCC TIB 71) were suspended in a Dulbecco's modified Eagle's medium (manufactured 
by Bio Whittaker; 12-917 F) without phenol red containing 10% fetal bovine serum (manufactured by Gibco), 2 mM L- 
glutamine (manufactured by Life Technologies Oriental, 25030-149), so as to have a concentration of 6 x 10^ cells/ml. 
The cell suspension was added to each well of a 48-well microtiter plate in a volume of 500 ^il each. The cells were 
cultured at 37°C in the presence of 5% CO2 gas for 12 hours or 24 hours. Each of aqueous solutions of the samples 

45 described below was added to each well, and the cells were cultured for a given period of time described above. 
Thereafter, the concentration of NO2' fonned by the oxidation of nitrogen monoxide (NO) in the medium was detemiined. 
Fraction I, Fraction II, and Fraction ill of the fucoidan derived from Kjelimanielia crasslfdiia described in Item (2) of 
Reference Example 1 and the compound represented by the formula V described in Item (3) of Reference Example 2 
(hereinafter referred to as 7-1 2SFd-F), which were used as the samples, were added so as to have a final concentration 

50 of 1 , 1 0 or 1 00 fig/ml. Also, as the control, sterile distilled water was added in the same volume as that of the sample. 
Incidentally, as the positive control, a lipopolysaccharlde (LPS, manufactured by Sigma) was added so as to have a 
final concentration of 1 p.g/m!. 

[0132] After the above culturing, 1 00 ^1 of a 4% Griess' reagent (manufactured by Sigma, G441 0) was added to 1 00 
\l\ of the medium, and the resulting mixture was allowed to stand at room temperature for 15 minutes. Thereafter, the 
55 absorbance at 540 nm was detemnined. The NO2' concentration in the medium was calculated from a calibration curve 
previously drawn using NaNOg dissolved in the above medium at a known concentration. All detemiinations were 
carried out three times. 

[0133] As a result, it was clarified that all of 7-12SFd-F. and Fraction I. Fraction II, and Fraction III of the fucoidan 
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derived from KjeUmaniefla crassifolia accelerated the induction of NO production, and had an immunopotentiating ac- 
tion. The results are shown In Figures 2 to 5. Concretely, Figure 2 is a diagram showing the NO2* concentration in the 
medlunn when culturing with adding 7-12SFd-F, Figure 3 is that with adding Fraction I, Figure 4 is that with adding 
Fraction II, and Figure 5 is that with adding Fraction III. Also, Figure 6 is a diagram showing the NO2' concentration in 
s the medium when culturing with adding LPS as the positive control. In Figures 2 to 6, the axis of abscissas is the culture 
conditions, and the axis of ordinates is the NOg' concentration OiM). 

[0134] It was clarified from these results that Fraction I, Fraction II, and Fraction III of the fucoidan derived from 
Kjellmaniella crassifolia, and 7-12SFd-F had an induction action for NO production and an immunopotentiating effect 

through the action. 

10 [0135] Incidentally, the other fucoldans and degradation products thereof described in each of Reference Examples 
also exhibited a similar Induction action for NO production. 

[0136] In addition, the amount of IFN-yin the same culture medium as the culture medium used for the determination 
of the NO2" concentration was detennlned using ELISA Kit (Genzyme). However, in this system, no induction of IFN- 
Y production by Fraction I, Fraction tl. and Fraction III of the fucoidan derived from Kjettmanletta crassifolia, 7-12SFd- 
is F, and other fucoldans and degradation products thereof described in each of Reference Examples was found. 

Example 2 

(1) Induction Action for IFN-y Production from Non-Stimulated Lymphocytes 

20 

[0137] An ICR mouse (female, 7-week old, body weight of about 25 g) was purchased from Japan SLC, and used 
for the experiment after pre-breeding the mouse for 1 week. The spleen was enucleated from the mouse, finely pow- 
dered, and suspended In RPMI-1640 medium (GIbco) containing 10% fetal bovine serum (Hictone), to give a suspen- 
sion of single cells. Adherent ceils were removed by adhering them to a plastic petri dish, and non-adherent cells were 

25 used as spleen lymphocytes. Spleen lymphocytes were suspended in RPMI-1 640 medium containing 1 0% fetal bovine 
serum, the concentration of which was adjusted to 2 x 10^ cells/ml, and the cell suspension was added to a 96-we!l 
microliter plate in a volume of 180 jilAvell. Each sample was dissolved in distilled water, and the concentration was 
adjusted to 1 00 mg/ml. The resulting solution was diluted with the medium to a concentration of 1 0 times the indicated 
concentration. As the control, the medium was added In the same volume as that of sample. Each of fucoidan, Fraction 

30 I, Fraction II, and Fraction II! of the fucoidan derived from KJellmanleHa crassifolia and 7-12SFd-F described in Refer- 
ence Examples, which had a concentration of 1 0 to 500 100 ^g/ml, respectively, a 1 00 \ig/m\ solution of concanavalin 
A (Con A; nakalaitesque) was added in an amount of 20 \ig/m\ to each well except for the control group, and the cells 
were cultured In a 5% CO2 gas incubator at 37°C for 2 days or 4 days. After culturing, the culture supernatant was 
recovered, and the amount of IFN-y was detennined using ELISA Kit (Genzyme). 

35 [01 38] As a result, no Induction action for IFN-y production from non-stimulated lymphocytes was found for each of 
fucoidan. Fraction I, Fraction it and Fraction III of the fucoidan derived from Kjelimanielia crassifolia, and 7-12SFd-F 
described in Reference Examples at a dose of 500 jig/ml or less. On the other hand, a strong Induction for IFN-y 
production was found for the Con A-added cells. 

40 (2) Induction Action for IFN-y Production Under Alloantigen Stimulation 

[0139] A BALB/c mouse (female, 6-week old. body weight of about 20 g) and a C57BL/6 mouse (female, 6-week 
old, body weight of about 20 g) were purchased from Japan SLC, and used for the experiment after pre-breeding the 
mouse for 1 week. The spleens were enucleated from mice having different H-2 haplotypes (BALB/c: H-2d, C57BL/6: 

45 H-2b), and spleen lymphocytes were obtained by the method described above. The cell concentration of each cell 
suspension was adjusted to a concentration of 2 x 1 0^ cells/ml, and added to a 96-well mlcrotiter plate in a volume of 
1 00 jil each . Each of fucoidan , Fraction I , Fraction 1 1 and Fraction I II of the fucoidan derived from Kjellmaniella crassifolia, 
and 7-12SFd-F described in Reference Examples which had a concentration of 10 to 500 p-g/mt, respectively, and 10 
p.g/ml Con A was added in the same manner as in item (1 ) of Example 2 to each well except for the control group. As 

50 the control, the medium was added in the same volume as that of the sample. The ceils were cultured in a 5% COg 
gas incubator at 37''C for 4 days. After culturing, the culture supernatant was recovered, and the amount of IFN-y was 
determined using the ELISA Kit. 

[0140] As a result, no induction action for IFN^ production on the lymphocytes In the state of alloantigen stimulation 
was found for each of fucoidan, Fraction I, Fraction II and Fraction III of the fucoidan derived from Kjellmaniella crassi- 
55 folia, and 7-12SFd-F described in Reference Examples at a dose of 500 ^gfm\ or less. On the other hand, a strong 
induction of IFN-y was found for the Con A-added cells. 
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(3) Induction Action for IFN-y Production on Sensitized Lymphocytes Under Antigen Stimulation 

[0141] A C57BL76 mouse (female. 6-week old. body weight of about 20 g) was purchased from Japan SLC. and used 
for the experiment after pre-breeding the mouse for 1 week. The mouse was immunized intraperitoneally by Inoculating 

5 1 X 10® cells of l\^eth-A murine sarcoma cells. Fourteen days after the inoculation of the tumor, the spleen was enu- 
cleated from the mouse, and spleen lymphocytes were obtained by the method described above. The cell concentration 
of the cell suspension was adjusted to a concentration of 2 x 10^ cells/ml, and added to a 96-well microliter plate in 
a volume of 100 |al each. For the preparation of stimulated cells, mitomycin C (manufactured by KYOWA HAKKO 
KOGYO CO., LTD.) was added at a concentration of 50 \ig/m\ to Meth-A murine sarcoma cells which were suspended 

10 in RPMI-1 640 medium, the concentration of which was adjusted to 2 x 1 0^ cells/ml. The mixture was treated at S/'^C 
for 30 minutes, and washed twice. Thereafter, the cells were suspended in RPMI-1 640 medium containing 1 0% fetal 
bovine serum, the concentration of which was adjusted to 2 x 1 0^ cells/ml. The prepared stimulated cells were overlaid 
In an amount of 1 00 ^I/well onto each well of the plate containing spleen lymphocytes, and cultured In a 5% CO2 gas 
incubator at 37*'C for 4 days. Those used as samples were prepared and added In the same manner as that In item 

IS (1) of Example 2 so that the fucoidan derived from Kjeltmanielia crassifoiia had a concentration of 1 to 100 ^.g/ml; 
Fraction I, Fraction II and Fraction III of the fucoidan derived from KjeHmanlella crassifoiia and 7-12SFd-F each had a 
concentration of 10 to 500 p-g/ml; and that the positive control had a concentration of Con A 10 jig/ml. The cells were 
also cultured In the same manner as that in item (1 ) of Example 2. As the control, the medium was added in the same 
volume as that of the sample. After culturing, the culture supernatant was recovered, and the amount of IFN-7 was 

20 determined using the ELISA Kit. The amount of IL-12 was detennined for the same culture supernatant using ELISA 
Kit(ENDOGEN). 

[0142] The results are shown in Figures 7 and 8. Concretely, Figure 7 is a diagram showing the induction action for 
I FN-y production by the fucoidan and the degradation product thereof. In the figure, the axis of ordinates is the amount 
of IFN^ production (pg/ml), and the axis of abscissas is each sample and added amount (jig/ml). 
25 [0143] Also, Figure 8 is a diagram showing the Induction action for IL-12 production by the fucoidan and the degra- 
dation product thereof. In the figure, the axis of ordinates is the amount of IL-12 production (pg/ml), and the axis of 
abscissa is each sample and added amount (^.g/ml). 

[0144] As shown in Figures 7 and 8, there are exhibited enhancing action for IFN-y production and IL-12 production 
on sensitized lymphocytes under antigen stimulation In a dose-dependent manner at a dose of 1 to 100 p.g/ml for the 
30 fucoidan derived from Kjellmaniella crassifoiia, and at a dose of 10 to 500 ^ig/ml for Fraction I, Fraction 11, Fraction III 
and 7-12SFd-F. In addition, other fucoidans and degradation products thereof described in each of Reference Examples 
also exhibited similar action. 



35 



Example 3 



[01 45] A C57BI76 mouse (female, 7-week old, body weight of about 20 g) was purchased from Japan SLC, and used 
for the experiment after pre-breeding the mouse for 1 week. The spleen was enucleated from the mouse, finely pow- 
dered, and suspended in RPMI-1 640 medium (Bio Whittaker) containing 10% fetal bovine serum (HIclone), to give a 
suspension of single cells. Spleen lymphocytes were suspended In RPMI-1 640 medium containing 10% fetal bovine 
40 serum, the concentration of which was adjusted to 3 x 10^ cells/ml, and added in a volume of 10 ml to a T25 flask 
(Iwaki). Two identical flasks were fumlshed: One flask to which the medium alone was added, and the other flask to 
which the fucoidan derived from Kjellmaniella crassifoliatoyNas added so as to have a concentration of 10 ^g/ml. The 
cells were cultured at 37^C In the presence of 5% CO2. 

[0146] Ten days after the initiation of the culturing, the cells were harvested, diluted with RPMI-1 640 medium con- 
45 taining 1 0% fetal bovine serum so as to have a given concentration, and added to each well of a 96-well round-bottomed 
microplate in a volume of 100 \i\ each. 

[0147] As the cytotoxic activity of the cells, the amount of y-ray liberated in the culture supematant was determined 
using ^iCr-labeled EL4 thymoma cells (hereinafter referred to as EL4 cells) as target cells. Concretely, 1850 kBq of 
Chromium-51 Radionuclide (New England Nuclear) was added to EL4 cells, and the cells were cultured at 37°C for 1 

so hour and washed thrice with RPMl-1640 medium by a centrifugation step. The cells were suspended in RPMI-1 640 
medium containing 1 0% fetal bovine serum, the concentration of which was adjusted to 1 x 1 0^ cells/ml. The suspen- 
sion was added to each well of a 96-well round -bottomed microplate in a volume of 100 [l\ each, and the cells were 
cultured at 37*^0 in the presence of 5% CO2 for 5 hours. One-hundred microliters of the supematant was taken, and 
thereafter the amount of y^ray liberated in the supernatant was detenmlned with a gamma ray scintillation counter. The 

S5 cytotoxic activity was calculated as follows. 

r^^^4.^^t^ A^w.t*., ioy\ (Experimental Value - Control Value) ^ 4-.^ 

Cytotoxic Activity (%) = — V ,v> ^. ^. , = — ^ , : — rX 100 

' ' ^ ' (Tota Radioactivity Va ue - Centre Va ue) 
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[0148] Here, the total radioactivity value is the amount of y-ray in the case where 100 jil of 0.1% Triton-X is used in 
place of the cultured splenocytes. Also, the control value is the annount of y-ray In the case where 1 00 \l\ of the medium 
Is used in place of the cultured splenocytes, and the experimental value Is the amount of y-ray In the case where the 
cultured splenocytes are used. 

5 [0149] The results are shown in Figure 9. Concretely, Figure 9 is a diagram showing cytotoxic immunopotentlating 
action of murine spleen lymphocytes by the fucoidan derived from Kjeflmaniefta crassifolia. The axis of ordinates is 
cytotoxic activity (%), and the axis of abscissas is the ratio of the effector cells of the control and the effector cells (E) 
which were obtained by culturing the cells, with adding the fucoidan derived from KjellmanieHa crassifolia described in 
Reference Example 1 so as to have a concentration of 10 p.g/ml, to target cells (T) (E/T ratio). The bar graph shows 

10 the average value for 5 mice per each group and the standard error. 

[0150] As shown in Figure 9, the cultured murine splenocytes (effector cells) exhibited a cytotoxic activity to EL4 
cells (target cells) (control). In the cells cultured with adding the fucoidan so as to have a concentration of 10 ^ig/ml, 
the cytotoxic activity to EL4 cells was potentiated. The fucoidan-added group exhibited higher cytotoxic activity in spite 
of a lower ratio of the effector cells to target cells, so that the cytotoxic Immunity was potentiated by the fucoidan. 

15 [0151] In addition, each of other fucoldans and degradation products thereof, Fraction I, Fraction 11, Fraction til, and 
7-12SFd-F described in Reference Examples also exhibited similar activity. 

Example 4 

20 (1) Induction Action for I FN -7 Production from N on -Stimulated Lymphocytes 

[01 52] A C57BU6 mouse (female, 6-week old, body weight of about 20 g) was purchased from Japan SLC, and used 
for the experiment after pre-breeding the mouse for 1 weelc. G-fucoidan prepared in item (2) of Reference Example 3 
was added so as to have a concentration of 10 to 500 ^g/ml to each well of the plate to which spleen lymphocytes 
25 prepared by the above-mentioned method were added. The cells were cultured in a 5% CO2 gas incubator at 37*^0 
for 4 days. After culturing, the culture supernatant was recovered, and the amount of IFN-y was detemnined using the 
ELiSA Kit. 

[0153] As a result, no Induction action for IFN-y production by G-fucoidan was found at a dose studied. 

30 (2) Induction Action for IFN-y Production on Sensitized Lymphocytes Under Antigen Stimulation 

[0154] A C57BL/6 mouse (female, 6-week old, body weight of about 20 g) was purchased from Japan SLC, and used 
for the experiment after pre-breeding the mouse for 1 week. As the sample, G-fucoidan prepared In item (2) of Reference 
Example 3 was dissolved in distilled water, the concentration of which was adjusted to 100 mg/ml, and diluted to a 

35 concentration of 1 0 times the indicated concentration with the medium. The prepared G-fucoidan was added so as to 
have a final concentration of 10 to 500 ^g/ml to each well of the plate to which spleen lymphocytes as prepared by the 
above-mentioned method and Meth-A murine sarcoma cells were added. The cells were cultured at 37°C in a 5% CO2 
incubator for 4 days. Incidentally, as the control, the medium was added in the same volume as that of the sample and 
the cells were cultured. After culturing, the culture supernatant was recovered, and the amount of IFN-y and the amount 

40 of lL-1 2 were determined using the ELISA Kit. 

[0155] The results are shown in Figures 10 and 11. Concretely, Figure 10 is a diagram showing the induction action 
for IFN-y production by G-fucoidan, wherein the axis of ordinates is the amount of IFN-y production (pg/ml), and the 
axis of abscissas is sample and added amount (^g/ml). Also, Figure 11 is a diagram showing the induction action for 
IL-12 production by G-fucoidan, wherein the axis of ordinates is the amount of IL-12 production (pg/ml), and the axis 

45 of abscissas is sample and added amount (^g/ml). As shown in Figures 10 and 11 , it was found that G-fucoidan has 
a potentiating action for IFN-y production on sensitized lymphocytes under antigen stimulation in a dose-dependent 
manner at a dose of 1 0 to 500 \ig/m\. As to IL-12, a marked potentiating action for production was found at a dose of 
500 M.g/ml. 

50 Example 5 

Action of Anti-IL-12 Antibody and Anti-Costimulation Receptor (CD 28 and CD 40) Antibody on Induction Action for 
IFN-y Production by Fucoidan Derived From KjeHmaniella Crassifolia 

55 [01 56] C57BL/6 murine spleen lymphocytes prepared by the above-mentioned method and Meth-A murine sarcoma 
cells were mixed, and added to each well of a 96-well microtiterplate. The fucoidan derived from K/eilmanieila crassifolia 
as prepared in item (1) of Reference Example 1 was added to all of the wells to have a final concentration of 100 p.g/ 
ml. Further, to the wells except for the control, anti-IL-12 antibody (R & D) was added to have a final concentration of 
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1 |4.g/ml, or anti-CD 28 antibody or anti-CD 40 antibody was added to have a final concentration of 10 ^g/nnl. The cells 
were cultured at 37®C in a 5% COg incubator for 4 days. After cuitu ring, the culture supernatant was recovered, and 
the amount of IFN-Yand the annount of IL-1 2 were determined by ELISA. The results are shown In Figure 1 2. Concretely, 
Figure 12 is a diagram showing an action of various antibodies on the induction action for IFN-y production or IL-1 2 

s production by the fucoidan. In the figure, the axis of left ordinates Is the amount of IFN-y production (pg/mt), the axis 
of right ordinates is the amount of IL-12 production (pg/ml), and the axis of abscissas is each antibody used. 
[01 57] As shown in Figure 1 2, the induction of IL-1 2 production by the fucoidan derived from KjelimanfeUa crassifolia 
during the antigen-presenting reaction was completely suppressed by anti-IL-1 2 antibody. anti-CD 28 antibody or an- 
ti-CD 40 antibody. On the other hand, the induction of IFN-7 production from the sensitized lymphocytes was about 

10 50%-suppressed by anti-IL-1 2 antibody, and completely suppressed by antl-CD 28 antibody or anti-CD 40 antibody. 

Example 6 

Comparison of Induction Action for IFN-y Production of Various Fucoidans 

15 

[0158] A C57BL/6 mouse was immunized by inoculating l\^eth-A murine sarcoma cells, and the spleen was enucle- 
ated from the mouse 24 days after the inoculation. C57BL/6 murine spleen lymphocytes as prepared by the above- 
mentioned method and Meth-A murine sarcoma cells were mixed, and added to each well of a 96-well microtiter plate. 
As the samples, the fucoidan derived from KJellmaniella crassifolia as prepared in Reference Example 1 , the fucoidan 

20 derived from Cladosiphon ol<amuranus as prepared in Reference Example 8, the fucoidan derived from Fucus vesic- 
ulosus as prepared in Reference Example 5, and the fucoidan derived from the sporophyll of Undaria pinnatifida as 
prepared in Reference Example 4 were used. Each fucoidan solution was prepared so as to have a final concentration 
of 10 to 500 M-g/ml and added in the same manner as in item (1) of Example 2. The cells were cultured at 37'C in a 
5% CO2 gas incubator for 4 days. Incidentally, as the control, the medium was added In the same volume as that of 

25 the sample, and cultured. After culturing, the culture supernatant was recovered, and the amount of IFN-y was deter- 
mined using the ELISA Kit. 

[0159] The results are shown in Figure 13. Concretely, Figure 13 Is a diagram showing the induction action for IFN- 
Y production by each fucoidan. In the figure, the axis of ordinates is the amount of IFN-y production (pg/ml), and the 
axis of the abscissas is each sample and added amount (jxg/ml). 
30 [0160] As shown in Figure 1 3, with respect to the induction ability for IFN-y production from sensitized lymphocytes 
under antigen stimulation, as compared to the fucoidan derived from KjelimanieHa crassifolia, the fucoidan derived 
from Fucus vesicufosus was found to have the same level, and the fucoidans derived Cladosiphon okamuranus and 
the sporophyll of Undaria pinnatifida were found to have a weaker level. 

35 Example 7 

[0161] Four or five 5-week old male Wistar rats (Japan SLC) per one group were sensitized by intraperitoneally 
administering 100 jal of 0.01 7o ovalbumin (Sigma) in aqueous physiological saline and 100 p.1 of alum (trade name: 
Imject Alum; manufactured by Pierce). Fourteen days later, blood was obtained from the abdominal cava. 

40 [0162] After the centrifugation (2000 rpm, 5 minutes) of the obtained blood, plasma was separated, and the amount 
of antigen-specific IgE was determined by a passive cutaneous anaphylaxis (PCA) using a rat. Concretely, 2-fold to 
64-fold serial dilutions of plasma was prepared using physiological saline, and each dilution was injected intradermally 
in an amount of 0.1 ml each to the shaved back of a 7-week old male Wistar rat. Forty-eight hours after the Intrademial 
Injection, 1 ml of a mixed solution of 0.05% ovalbumin and 0,5% Evans blue (manufactured by nakalaitesque) was 

45 injected to tail vein. Thirty minutes after the tail vein injection, the rat was decapitated and allowed to exsanguinate. 
Blue spots appearing on the back were observed, and the maximum dilution folds were expressed as IgE titer, wherein 
a spot having a diameter of 5 mm or more was defined as positive. 

[0163] In the group administered with the fucoidan derived from KjeHmaniella crassifolia as prepared in item (1) of 
Reference Example 1 , the fucoidan derived from Kjellmaniella crassifolia was added at a concentration of 0.1 % or 1% 
50 to a water bottle during a period of from 7 days before the day of sensitizing with antigen to the day of obtaining blood, 
and the rat was allowed to take water ad libitum. Also, in the control group, tap water was given in the same manner. 
As a result, an increase In the amount of antigen -specific IgE by ovalbumin sensitization was markedly suppressed by 
the intake of the drinking water containing 1% fucoidan derived from Kjellmaniella crassifolia. The results are shown 
in Table 1 . 

55 
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Table 1 





Animal No. 


IgE Antibody Titer 


Control 


1 


8 




2 


64 




3 


16 




4 


16 




6 


32 


0.1% Fucoidan 


1 


8 


Derived From 


2 


32 


Kjel/maniella Crassifolia 


3 


32 




4 


32 


1% Fucoidan 


1 


<2 


Derived From 


2 


<2 


KJeltmanielia Crassifolia 


3 


<2 




4 


4 




5 


8 



Example 8 

[0164] Booster was given to the rats sensitized in the same manner as in Example 7 under the same conditions 1 9 
25 days after priming sensitization. Blood was obtained from the abdominal cava 14 days after the final immunization. 
The amount of antigen-specific IgE was detennined for the obtained blood by a PCA response in the same manner 
as above. 

[0165] In the group administered with the fucoidan derived from KJellmanleila crasslfotia as prepared In Item (1) of 
Reference Example 1 , the fucoidan derived from Kjellmaniella crassifolia was added at a concentration of 0.1% or 1% 

30 to a water bottle during a period of from the day of booster to the day of obtaining blood, and the rat was allowed to 
take water ad libitum. Also, in the control group, tap water was given in the same manner. As a result, an increase In 
the amount of antigen-specific IgE by ovalbumin was markedly suppressed by the intake of the drinking water containing 
1% fucoidan derived from Kjellmaniella crassifolia. It is shown from above that fucoidan is effective in therapeutic 
administration from the time of sensitization with an antigen as well as prophylactic administration. The results are 

35 shown in Table 2. 



Table 2 





Animal No. 


IgE Antibody Titer 


Control 


1 


8 




2 


32 




3 


32 




4 


32 




5 


32 


0.1% Fucoidan 


1 


16 


Derived From 


2 


16 


Kjellmaniella Crassifolia 


3 


32 




4 


32 


1% Fucoidan 


1 


2 


Derived From 


2 


2 


Kjellmaniella Crassifolia 


3 


2 




4 


4 




5 


2 
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Example 9 
[0166] 

5 (1) The raw materials were formulated so that 1 .5 g of a composition consists of 20 mg of the fucoidan derived 

from Kjelimaniella crassifolia as fucoidan, a total of 82 mg as polyphenols of a commercially available apple extract 
(trade name: Applephenon , manufactured by The Nikka Whisky Distilling Co. Ltd.), a commercially available grape- 
stone extract (trade name: Gravinol, manufactured by KIKKOMAN CORPORATION), a commercially available 
"ten-cha" extract (trade name: Sunten-cha S, manufactured by SUNTORY LIMITED), and the balance being beef 

10 extract (manufactured by DAINIPPON PHARMACEUTICAL CO., LTD.), beer yeast (manufactured by KIRIN 

BREWERY COMPANY, LIMITED), lactose, corn starch (manufactured by Kato Kagaku K.K.), reduced maltose 
(manufactured by Towa Chemical Industry Co., Ltd.). The composition was processed in an extrusion granulator, 
to give a feed additive (1 mm in diameter) of the present invention, and 1 .5 g each of the feed additive was made 
Into a wrapper. 

15 

(2) The above feed additive was added as a nutritional supplement to each of the feeds In an amount of 3 wrappers 
per day for a large-sized canine (body weight: about 30 kg), 2 wrappers per day for a middle-sized canine (body 
weight: about 10 kg), or 1 wrapper per day for a small-sized canine (body weight: 5 kg). 

By the intake of the feed additive of the present invention, all of the large-sized canine, middle-sized canine 
20 and small-sized canine became more active, and their appetites were enhanced. In addition, coat of fur was im- 

proved and body odor and excretion odor were reduced due to the effect of Improvement In the physical conditions. 
These effects were markedly seen especially in senile canines, and the feed of the present invention was very 
useful In the improvement In physical conditions, recovery of health and rejuvenation In senile canines. 

25 Deposited Biological Materials 

[0167] 

(1) Name of Depository Authority 

30 

The Ministry of International Trade and Industry, National Institute of Bioscience and Human-Technology, 
Agency of Industrial Science and Technology 

1-3, Higashi 1 chome, Tsukuba-shi, Ibaraki-ken, Japan (Zip code 305-8566) 

35 (2) Deposited Microorganisms 

(I) Aiteromonas sp. SN-1009 

Original Date of Deposit: February 13, 1996 
40 Date of Request for Transfer to International Deposit: November 15, 1996 

Accession Number: PERM BP-5747 

(il) Ftavobacterium sp. SA-0082 

45 Original Date of Deposit: March 29, 1995 

Date of Request for Transfer to International Deposit: February 15, 1996 
Accession Number: PERM BP-5402 

INDUSTRIAL APPLICABILITY 

50 

[01 68] According to the present invention, there is provided a medicament effective for a disease requiring regulation 
of cytokine production, a disease requiring nitrogen monoxide production and an allergic disease, wherein the medi- 
cament comprises as an effective ingredient a fucoidan and/or a degradation product thereof exhibiting an action for 
regulation of cytokine production, an action for induction of nitrogen monoxide production and an anti-allergic action. 
55 The medicament has an regulatory activity for production of an interleukin, an Interferon, or the like in a living body, so 
that the medicament is useful as a therapeutic agent or prophylactic agent for a disease requiring regulation of cytokine 
production such as cancers and immunological diseases. 

[0169] In addition, the medicament is especially useful as an agent for regulation of IFN-y production, an agent for 
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regulation of IL-2 production, and an agent for induction of NO production for diseases requiring applications of these 
agents. 

[0170] The activation and enhancement of the Immune system under unnecessary states may cause diseases such 
as allergies and autoimmune diseases in some cases. IHowever, the cytokine enhancement and Immunopotentlation 
5 by the preparation of the present invention are selective. Therefore, the preparation of the present invention is very 
useful in protection in a living body because the cytokine enhancement and immunopotentlation are induced only in 
the case where cellular immunity is necessary to be enhanced due to the existence of antigens to be removed in the 
living body in a case such as a viral infection or a cancer. 

[0171] In addition, the activation of excess humoral immunization is suppressed by the preparation of the present 
10 invention, so that the preparation of the present invention is very useful for suppression of allergies. 

[0172] Further, a foodstuff or feed can be produced by using the fucoidan and/or degradation product thereof having 
an action for regulation of cytokine production, an action for induction of nitrogen oxide production and an antl-allerglc 
action. By an intake of the fucoidan and/or degradation product thereof on a daily basis as foodstuff, there can be 
accomplished amelioration of symptoms of a disease requiring regulation of cytokine production, a disease requiring 
15 nitrogen monoxide production such as arteriosclerosis, an allergic disease or the like. 

[0173] Therefore, the functional foodstuff or feed comprising as an effective ingredient the fucoidan and/or degra- 
dation product thereof is a functional foodstuff or feed useful for maintaining homeostasis of a living body due to the 
physiological action of the effective ingredient. 

[0174] In addition, there is provided an agent for regulation of cytokine production, and the agent tor regulation is 
so useful for function studies on cytokine and screening for a medicament for cytokine-associated diseases. 



Claims 

2s 1. A therapeutic agent or prophylactic agent for a disease requiring regulation of cytokine production, a disease 
requiring nitrogen monoxide production, or an allergic disease, characterized In that the therapeutic agent or 
prophylactic agent comprises as an effective ingredient a fucoidan and/or a degradation product thereof. 

2. The therapeutic agent or prophylactic agent according to claim 1 , wherein the fucoidan is derived from an algae 
30 or Echinodermata. 

3. The therapeutic agent or prophylactic agent according to claim 1 or 2, wherein the cytokine is an interieukin or an 
interferon. 

35 4. The therapeutic agent or prophylactic agent according to claim 3, wherein the interferon is interferon-y. 

5. The therapeutic agent or prophylactic agent according to claim 3, wherein the interieukin Is interleukin-1 2. 

6. The therapeutic agent or prophylactic agent according to claim 1 or 2, wherein the allergic disease is a disease 
40 requiring suppression of IgE production. 

7. The therapeutic agent or prophylactic agent according to any one of claims 1 to 6, wherein the therapeutic agent 
or prophylactic agent is for oral administration. 

45 8. A food, beverage or feed for regulation of cytokine production, induction of nitrogen monoxide production, or anti- 
allergy, wherein the food, beverage or feed comprises a fucoidan and/or a degradation product thereof. 

9. The food, beverage or feed according to claim 8, wherein the fucoidan is derived from an algae or Echlnodemnata. 

50 10. The food, beverage or feed according to claim 8 or 9, wherein the cytokine Is an interieukin or an interferon. 

11. The food, beverage or feed according to claim 10, wherein the interferon is interferon^. 

12. The food, beverage or feed according to claim 10, wherein the interieukin is interleukin-1 2. 

55 

13. The food, beverage or feed according to claim 8 or 9, wherein the food, beverage or feed for anti-allergy is a food, 
beverage or feed for suppression of IgE production. 
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14. Use of a fucoidan and/or a degradation product thereof for treating or preventing a disease requiring regulation of 
cytokine production, a disease requiring nitrogen monoxide production, or an allergic disease. 

15. Use of a fucoidan and/or a degradation product thereof in the manufacture of a therapeutic agent or prophylactic 
agent for a disease requiring regulation of cytokine production, a disease requiring nitrogen monoxide production, 
or an allergic disease. 

16. A method of treating or preventing a disease requiring regulation of cytokine production, a disease requiring nitro- 
gen monoxide production, or an allergic disease, wherein a fucoidan and/or a degradation product thereof is used. 

17. An agent for regulation of cytokine production, induction of nitrogen monoxide production, anti-allergy, or suppres- 
sion of IgE production, comprising as an effective ingredient a fucoidan and/or a degradation product thereof. 

18. Use of a fucoidan and/or a degradation product thereof In the manufacture of an agent for regulation of cytokine 
production, induction of nitrogen monoxide, anti-allergy, or suppression of IgE production. 

19. Use of a fucoidan and/or a degradation product thereof In the manufacture of a food, beverage or feed for regulation 
of cytokine production, Induction of nitrogen monoxide production, or anti-allergy. 

20. A method for regulating cytokine production, inducing nitrogen monoxide production, suppressing allergy, or sup- 
pressing IgE production, wherein a fucoidan and/or a degradation thereof Is used as an effective Ingredient. 

21 . Use of a fucoidan and/or a degradation product thereof for regulating cytokine production, inducing nitrogen mon- 
oxide production, suppressing allergy or suppressing IgE production. 
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